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© Cephalosporin compounds substituted in the 7-position 
by a 2-{5- or 6-membered heterocyclic ) -2-oximinoacetylamino h 2 n n / & n 
group and of the formula 



A, H v\ H Y\ ""TX 

Li • LL LX • Y 



\UA/"" ' LL. Li- LX. LX- 



%_/ \ / ,CH '' v v 

JJ^J^j/Qj^y* ■ H V\ H V\ H V\ 



q coo° 



in which R is hydrogen, formyl, a-aminoadipoyl f protected 



Tl. "Yr. . J6 



or-aminoadipoyl, or an acyl group of the formula J»— ' \/ 

10 • N . 

10 0 

_ A R" is hydrogen, C1-C4. alkyl, a carboxy -substituted alky! or 

DO R'-C-C- carboxy-substituted cycloalkyl group of the formula: 

» ■ 

: " ■ 

O °* R " -C-(CH 2 )n-COR' M 

I 

^ in which R' is a 5- or 6-membered heterocyclic ring of the for D 
jy mulae 



ACTORUM AG 



in which n is 0-3; a and fa when taken separately are, indepen- 
dently, hydrogen or C1-C3 alkyl, and when taken together with 
the carbon to which they are bonded form e C3-C7 carbocyciic 
ring; R'" is hydrogen, C1-C4 aikoxy, amino, or OR°, in which 
R° is indanyl, phthalidyl, or an acyloxymethyl group of the for- 
mula -CH 2 -0-C(0)-R 2 in wich R 2 is C1-C4 alkyi or phenyl; or 
COOR° is a protected carboxy group; 
or R" is an N-substituted carbamoyl group of the formula 

O 

It 

-C-NHR"" 

in which R"" is C1-C4 alkyl, phenyl or C1-C3 alkyl substituted 
by phenyl; 

Y and m, independently, are integers equal to 0, 1 , 2 or 3, provi- 
ded that y plus m equals 3; 

R 1 is hydrogen, d-C4 alkyl, phenyl, thienyl, amino or CtC4 
alkanoylamino; 

X is O, S or N-R 2 , where R 2 is hydrogen or C1-C4 alkyl; or a 
pharmaceuttcally-acceptable salt or biologicalry-cleavable 
ester thereof. 
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Title 

IMPROVEMENTS ON OR RELATING TO 
3-BICYCLICPYRIDINIUM-METHYL CEPHALOSPORINS 

5 

This invention relates to novel cephalosporin 
antibiotics which structurally contain a 7- [2-(amino- 
substituted-5- or 6-membered heterocyclic ring)-2-oxy- 
iminoacetylamino] side chain and a bicyclic pyridinium 
10 methyl group in the 3-position of the cephalosporin 
nucleus * 

Prior to the present invention, a number of 
cephalosporin antibiotics substituted in the 3-position 
by a quaternary ammonium methyl and in the 7-position 

15 with various acylamino groups were known. Such com- 
pounds possess the zwitterionic structure in that the 
positively-charged nitrogen atom of the quaternary 
ammonium group exists in the salt form with the anionic 
form of the C-4 carboxy group (carboxylate anion) of the 

20 cephalosporin. The well-known cephalosporin antibiotic 
cephaloridine, 7-(<y-thienylacetamido)-3-(pyridinium-l- 
ylmethyl)-3-cephem-4-carboxylate of the following 
formula, possesses the zwitterionic structure: 
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The first cephalosporin of this type was dis- 
covered by Hale, Newton, and Abraham, Biochem. 79, 
10 403 (1961), upon the reaction of cephalosporin c with 
pyridine (cephalosporin C A ). Numerous other cephalo- 
sporins of this type with differing 7-acylamino side 
chains have been described since cephalosporin C A and 
cephaloridine were discovered. 
15 Recently, Heymes et al . , U.S. Patent No. 

4,152,432, described cephalosporin antibiotics having 
as the 7-acylamino side chain a 7- [2-(2-aminothiazol- 
4-yl)-2-alJcoxyiminoacetylamino] group and as the 3- 
position substituent an acetoxymethyl group. Others 
have prepared zwitterionic derivatives of this anti- 
biotic, e.g., as described in U.S. Patent No. 4,098,888, 
by Takeda and in U.S. Patent No. 4,258,041, by 
O'Callagan et al. 

Because the cephalosporin antibiotics possess 
potent antibacterial activity, intensive research to 
find improved broad spectrum cephalosporin antibiotics 
continues. In particular, these efforts seek improved 
cephalosporin antibiotics having potent broad spectrum 
activity coupled with activity against bacteria and 
bacterial strains known to be resistant to antibiotics 



30 
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in current use. This invention provides a new group of 
cephalosporins having excellent broad spectrum activity. 

In accordance with the invention a semi- 
synthetic cephalosporin of Formula (1) 



5 



10 



15 



20 



loo" 



:«-R 1 (1) 



N (CH >/ 



in which R is hydrogen, formyl, or-aminoadipoyl, pro- 
tected a-aminoadipoyl, or an acyl group represented by 
the formula 




in which R f is a 5- or 6-membered heterocyclic ring 
represented by the formulae: 
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LL . U . Q 



H*\A H8N \ A ^ A 

LL. * s " 







.... C L - ~v-- 

15 ^^gen, c r c 4 alkyl, a carboxy-substituted 
alkyl or carboxy-substituted cycloalkyl group repre- 
sented by the formula 



a 

20 -C-(CH 2 ) n -COR"» 

b 



or R 



1 1 



in which n is 0-3, a and b when taken sepa- 
rately are, independently, hydrogen or C,-c 
alkyl, or when taken together with the carbon 
to which they are attached form a C--C, 
carbocyclic ring; R* • » is hydroxy, amino, 
C 1" C 4 alk0X Y' or OR 0 in which R° is indanyl, 
phthalidyl, an acyloxymethyl group of the 
formula -CH 2 -OC(0)R 2 , i n which R 2 is c,-c 
alkyl or phenyl; or -C00R° is a protected 
carboxy group; 
is an N-substituted carbamoyl group represented 
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by the formula 



0 

-C-NHR 1 1 1 » 



5 in which R 1 1 1 1 is C^C^ alkyl, phenyl, or 

C l" C 3 a lkyl substituted by phenyl; 

y and m, independently, are integers equal to 
0, 1, 2 or 3, provided that y plus m equals 3; 

R 1 is hydrogen, C^-C^ alkyl, phenyl, thienyl, 

10 amino or C-,-C A alkanoylamino; 

2 2 . 

X is 0, S or N-R , where R is hydrogen or 

C l" C 4 a lkyl; or a pharmaceutically-acceptable salt or 

biologically-cleavable ester thereof is useful as a 

broad spectrum antibiotic. 

15 A class of such compounds of Formula (1) are 

those in which R is hydrogen, formyl, a-aminoadipoyl, 

protected a-aminoadipoyl, or an acyl group of the 

formula 



0 
ii 

R'-C-C- 
ii 
N 

^O-R' 1 

in which R 1 is a 5- or 6-membered heterocyclic ring of 
25 the formulae 
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HsN "J — II 

V, *VS "VS. KA- 
LI. JJL . . JUL . Y - 



R ,f is hydrogen, Cj-C^ &lkyl, a carboxy-substituted 
alkyl or carboxy-substituted cycloalkyl group of the 



15 formula : 



-C-(CH 2 ) n -COR' » » 
b 



in which n is 0-3; a and b when taken sepa- 
rately are, independently, hydrogen or C^-Cg 
alkyl, and when taken together with the carbon 
to which they are bonded form a C 3 -C 7 

25 carbocyclic ring; R 1 1 1 is hydroxy, Cj-C^ 

alkoxy, amino, or OR°, in which R° is indanyl, 
phthalidyl, or an acyloxymethyl group of the 
formula -CH 2 -0-C(0)-R 2 R 2 is C-j-C^ alkyl or 
phenyl; or COOR° is a protected carboxy group; 

30 or R 1 1 is an N-substituted carbamoyl group of the 
formula 
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0 

-C-NHR 1 1 1 1 

in which R l,fl is C 1 -C 4 alkyl, phenyl or ^-Cg 
5 alkyl substituted by phenyl; 

y and m, independently , are integers equal to 
0, 1, 2 or 3, provided that y plus m equals 3; 

R 1 is hydrogen, C 1 -C 4 alkyl, phenyl, thienyl, 

amino or C-.-C A alkanoyl amino; 

• 2 2 

10 X is 0, S or N-R , where R is hydrogen or- 

C!-C 4 alkyl; or a pharmaceutically-acceptable salt or 

biologically-cleavable ester thereof, provided that when 

R' is 



15 



rt 



20 R 1 1 is C^-C^ alkyl, or n=0, a and b, independently, are 

hydrogen, methyl, ethyl or when a and b are taken together 
with the carbon to which they are attached form a Cg-Cg 
carbocyclic ring; y=l and m=2; and X=S, then R 1 may only 
be phenyl, thienyl or C 1 -C 4 alkanoyl amino. 

25 In a preferred embodiment, R is an acyl group 

of the formula 

O 
ii 

ri-C-C- 
II 
N 

30 \ 

OC 1 -C - alkyl . 
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25 



Within this group, R» is preferably 




In another preferred embodiment, X in the 
above formula is N-R 2 or S. Also preferred are compounds 
in which y is 1 and m is 2. 

Further, in accordance with the invention, 
there is provided a process for preparing a compound of 
Formula (1) as defined earlier, or a pharmaceutically- 
acceptable salt or biologically-cleavable ester thereof, 
15 which comprises: 

(a) condensing a compound of Formula (2): 



R-N H 9 f ^\ 

20 (f~~ \ jr CHs ~ i - 



(a) 



OteRa 

in which Lisa leaving group, R 3 is hydrogen or a 
carboxy-protecting group, and R is as defined earlier 
with a bicyclicpyridine compound of the Formula: 
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in which y, m, x and R are defined above, removing any 
protecting group which may be present, and/or salifying 
10 or esterifying the product . 

(b) acylating a compound of Formula (1) in 

which R is hydrogen, or a salt or 4 1 -ester thereof, with 

an acid of the Formula: 

R f -C-COOH 
15 . " 

N-OR 1 1 

or an activated derivative thereof, in which R 1 and R" 
are defined earlier and if desired, removing any protect- 
20 ing group present and/or salifying or esterifying the 
product. 

(c) deacylating a compound of Formula (1) in 
which R is other than hydrogen, or a salt or ester 
thereof to form a compound in whcih R is hydrogen, or a 

25 salt or ester thereof. 

This invention also provides pharmaceutical 
formulations comprising as an active ingredient a 
cephalosporin as defined above and a pharmaceutical 
carrier, excipient or diluent therefor. 

30 • Also provided is a method of treating bac- 

terial infections in animals employing a compound 
provided by this invention. 
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When used, " c i~ C 4 alkyl 11 refers to methyl, 
ethyl, n-propyl, isopropyl, n-butyl, t-butyl, sec-butyl, 
and similar groups; "C^-C^ alkoxy" refers to groups such 
as methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, 
5 t-butoxy, and sec-butoxy; "C^-C 3 alkyl" refers to 
methyl, ethyl, n-propyl, and isopropyl; "C^-C 3 alkyl 
substituted by phenyl" refers to groups such as benzyl, 
2-phenethyl, 1-phenethyl, 3-phenylpropyl, and 2-phenyl- 
propyl; and lf C 3 -C 7 carbocyclic ring" refers to groups 

10 such as cyclopropyl, cyclobutyl, cyclopentyl, cyclo- 

hexyl, and cycloheptyl; and "C^-C^ alkanoyl amino" refers 
to groups such as formamido, acetamido, propionamido, 
and butyramido. 

The term "protected a-aminoadipoyl" refers to 

15 * the a-aminoadipoyl acyl group in which the amino group 
and the carboxy group are blocked or protected with 
conventional protecting groups. For example, the amino 
group can be protected with an acyl or haloacyl group 
such as acetyl, chloroacetyl, propionyl, benzoyl, 

20 chlorobenzoyl, dichloro or dibromobenzoyl, phthaloyl, 
2-carboxytetrachlorobenzoyl, or 2-carboxytetrabromo- 
benzoyl; or an alkyloxycarbonyl or aryloxycarbonyl group 
such as ethoxycarbonyl, trichloroethoxycarbonyl, t-butyl - 
oxycarbonyl, t-amyloxycarbonyl, benzyloxycarbonyl, or 

25 p-nitrobenzyloxycarbonyl . Conventional carboxy-protect- 
ing groups are, for example, the ester forming groups 
commonly employed in the p -lactam antibiotic art to 
block or protect the acidic carboxy group during the 
preparation of the antibiotic compounds. Examples of 
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such groups are described later for the definition of 
the term R° of Formula (1). 

The carboxy-substituted alkyl and carboxy- 
substituted cycloalkyl groups represented by R n in 
5 Formula (1) when R 1 1 1 is hydroxy are exemplified by 

groups such as carboxymethyl, 2-carboxyethyl, 3-carboxy- 
propyl, 4-carboxybutyl, 2-carboxyprop-2-yl / 2-carboxy- 
prop-l-yl, 2 -methyl -4-carboxybut-2-yl, 3-carboxy-3- 
methylprop-2-yl , 1-carboxycycloprop-l-yl , 1-carboxy- 

10 cyclobut-l-yl, 1-carboxycyclopent-l-yl, 1-carboxy- 

cyclohex-l-yl, 1-carboxymethylcyclobut-l-yl, or 2-car- 
boxyethylcyclohex-l-yl . When in the above formula R 1 1 1 
is NH 2 , examples of the carboxamides represented are the 
amides of the above-named carboxy-substituted radicals. 

15 The esters of the carboxy-substituted groups 

(Formula (1), R' 1 is carboxy-substituted alkyl or cyclo- 
alkyl and R f 1 1 is Cj-C^ alkoxy) are illustrated by 
me thoxycarbony lme thyl , ethoxycarbonylmethy 1 , 2 - ( ethoxy- 
carbonyl )prop-2-yl , 1-propoxycarbonylcyclopent-l-yl , and 

20 similar C^-C^ alkyl esters of the above-named carboxy- 
substituted alkyl and cycloalkyl radicals. 

Examples of N-substituted carbamoyl groups 
( e.g. Formula (1), R f 1 is carbamoyl) are N-methylcar- 
bamoyl, N-ethylcarbamoyl, N-propylcarbamoyl, N-phenyl- 

25 carbamoyl, or N-benzylcarbamoyl . 

The compounds of this invention are character- 
ized in part by the bicyclic pyridinium group attached 
to the 3-methyl group of the cephalosporin nucleus. 
Typical bicyclic pyridines which may be employed in the 

30 synthesis of the pyridinium-methyl derivatives of this 
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invention are illustrated below. The numbering system 
employed in the naming of the compounds of the invention 
is indicated in the following formulae: 




\ 
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h 1 



lH-imidazolo[4,5-b]- 
pyri di ne 



-13- 



51 

6*; 





'•s 



3H- Imidazo I p [4 , s-c] • 
pyrid ine 



6 



v " 



5 H 




3H- i m i dazo I o [4 , 5-c] ■ 
pyridine 



10 



1 1 




;*2 



h 3 



3H-imidazolo[4,5-b]pyridine 



5f 

6 




:«2 



i 



thiazolo[4,s-b]pyrid ine 



15 



20 



thiazolo[4,s-c]pyridine 



25 



I 1 

V 



>2 



thiazolo[5,4-b]pyr idine 



AX 



th i azo lo[s, 4-c] py r i d I ne 



oxazo I o [4 , 5-b] py r i d i ne 



30 



• 1 



fY> 



w 



oxazo I o [4, 5-c] - 
pyrid ine 



oxazolo[s,4-c]- 
pyridine 



oxazolo[s,4-b]- 
pyridine 
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The imidazolopyridines, oxazolopyridines and 
thiazolopyridines, the required starting materials, are 
known compounds which are synthesized employing pro- 
cedures known in the art. 
5 Carboxy-pro tec ted derivatives of the compounds 

represented by the above formula when R 1 1 is a carboxy- 
substituted alkyl or carboxy-substituted cycloalkyl 
group and R"' is OR°, are esters of the carboxy group 
commonly known in the art as carboxy-pro tec ting or 

10 blocking groups. Examples of such ester groups (-C00R 0 ) 
are those in which R° is alkyl, alkenyl, and substituted 
alkyl ester groups such as t-butyl, 2-methylbutene-2-yl, 
2,2,2-trichloroethyl, 2 , 2 , 2-tribromoethyl , and 2-iodoethyl; 
the benzyl ester and substituted benzyl esters such as 

15 p-methoxybenzyl and p-nitrobenzyl; the diphenylmethyl 

ester and substituted diphenylmethyl esters such as the 
4-methoxydiphenylmethyl and 4,4' -dimethoxydiphenylmethyl 
esters; and trialkylsilyl esters such as trimethylsilyl, 
and other similar ester groups. The carboxy-pro tec ting 

20 group is used for the temporary protection of the 

carboxy group, for example, during the preparation of 
the compounds of Formula (1). These groups are removed 
readily under hydrolytic or hydrogenolytic conditions 
generally known in the art. 

25 The esters defined by Formula (1), when R« ' is 

a carboxy-substituted alkyl or a carboxy-substituted 
cycloalkyl group and R" ' is OR°, namely the indanyl, 
phthalidyl, and acyloxymethyl esters, are biologically- 
cleavable esters. Examples of such esters are the 

30 5-indanyl, phthalidyl, acetoxymethyl , propionoxymethyl , 
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pivaloyloxymethyl , and benzoyloxymethyl esters. The 
biologically-cleavable esters are obtained by reacting 
the carboxylic acid function in the salt form, e.g. the 
sodium or potassium salt, with bromophthalide , or with 
5 an acyloxymethyl halide, e.g. acetoxymethyl bromide or 
pivaloyloxymethyl bromide. The indanyl ester is pre- 
pared with 5-indanol, the cephalosporin acid and a 
condensing agent such as DCC or EEDQ. 

The heterocyclic rings represented by R 1 in 

10 Formula (1) are named as follows: 2-aminothiazol-4-yl, 
5-aminoisothiazol-3-yl , 5- amino- 1 , 2 , 4-thiadiazol-3-yl , 
pyr azol - 5 ~y 1 , 3 - aminopyr azol - 5 -yl , 2 - aminopyr imidin- 5 -y 1 , 
4-aminopyrimidin-2-yl , 2-aminopyridin-6-yl , 2-aminooxazol- 
4-yl, 5-aminoisoxazol-3-yl, and 5-amino-l,2, 4-oxadiazol- 

15 3-yl. 

To describe the compounds of the invention, 
the term "oximino" refers to the oxime and substituted 
oxime f miction 

-C- 

20 11 

^ U N-O-R' f 

The compounds of the invention in which R is 
an acyl group of the formula 

O 

z=> R f -C-C- 

ii 
N 

^O-R' 1 



30 



are broad spectrum antibiotics which inhibit the growth 
of microorganisms pathogenic to man and animals. For 
example, these compounds are effective in controlling 
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the growth of staphylococci, streptococci and penicillin- 
resistant strains of staphylococci. They also inhibit 
the growth of gram-negative bacteria, for example 
Proteus, Pseudomonas, Enterobacter, Escherichia coli, 
5 Klebsiella, Shigella, Serratia, and Salmonella. 

As described later, the compounds represented 
by Formula (I) in which R is hydrogen, formyl, amino- 
adipoyl, or protected aminoadipoyl are intermediates 
useful in the preparation of the compounds in which R is 
10 an acyl group. 

The compounds in which R is an acyl group are 
prepared by the reaction of a bicyclicpyridine(imidazolo- 
pyridine, oxazolopyridine or thiazolopyridine ) with a 
7-acylaminocephalosporin represented by Formula (2a) 

15 



W2-R4 (2a) 



20 




in which R' and R« 1 have the same meanings as defined 
earlier, Rg is hydrogen or a carboxy-protecting group, 
and R 4 is a leaving group, preferably chloro, bromo, 
25 iodo, or acetoxy. The displacement reaction preferably 
is carried out with a compound of Formula (2a) in which 
R 4 is acetoxy or iodo. in a preferred method, a com- 
pound in which R 4 is iodo is prepared first by reacting, 
by the method of Bonjouklian, U.S. Patent No. 4,266,049 
issued May 5, 1981, a compound in which R 4 is acetoxy 
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and R 3 is an ester group, with trimethylsilyliodide 
(trimethyliodosilane, TMSI). The 3-iodomethyl cephalo- 
sporin then is reacted with the bicyclicpyridine to pro- 
vide a compound of the invention. 
5 T perform the process, a compound of Formula 

(2a) in which R 4 is acetoxy first is silylated to form 
the silyl ester of the C-4 carboxy group and silyl 
derivatives of other silyl reactive groups. The silyla- 
tion is carried out at room temperature in an aprotic 

10 organic solvent with a silylating reagent such as mono- 
or bis- trimethylsilylacetamide, mono-trimethylsilyltri- 
fluoroacetamide, or N-methyl-N-trimethylsilyltrifluoro- 
acetamide. The silylated derivative then is reacted at 
ambient temperature with trimethylsilyliodide to provide 

15 the silylated 3-iodomethyl cephalosporin. The silylated 
3-iodomethyl cephalosporin then is reacted with the 
bicyclicpyridine to provide a silylated compound of the 
invention. Hydrolysis of the silyl groups provides the 
final desired compound of Formula (I). 

20 The process is illustrated by the following 

reaction scheme in which a trimethyl silylating reagent 
and a lH-imidazolo [4, 5-c] pyridine are used. 
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15 



20 



loOH 



r>-R" 



1) silylation 
z) TMSI 



IoO-Si(CHa)a 

1) lH-lmidazolo[4,s-c]pyridine 

2) hydrolysis 



25 

In this scheme, R f and R 1 1 have the same 
meanings as defined earlier. 

Alternatively , the antibiotic compounds of the 
30 invention are prepared directly from a 3-acetoxymethyl 
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cephalosporin compound ( e.g. R 4 is acetoxy, R 3 is H) by 
displacement of the acetoxy group with the bicyclic- 
pyridine. The preparation is performed in a known 
manner, for instance, in an aqueous medium, for example 
5 in a water miscible organic solvent containing water. 
The addition of a small amount of an alkali metal 
iodide, such as potassium iodide, can enhance the rate 
of the reaction* The reaction is carried out at a 
temperature between about 35 °C. and about 70 °C. Water 
10 miscible organic solvents such as acetone, acetonitrile, 
tetrahydrofuran, and dimethylacetamide are useful 
solvents. 

This invention also provides compounds of 
Formula (1) as salts formed with strong acids and the 
15 salt form of biologically-labile esters. Such salts are 
represented by Formula (3): 




25 

in which R 1 , R f 1 , and R 1 are as defined earlier and R, 
is hydrogen, indanyl, phthalidyl, or an acyloxymethyl 
group of the formula 

0 

30 11 
JU -CH 2 -0-C-R 2 
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in which R 2 is as defined earlier; and A" is an anion 
such as chloride, bromide, iodide, sulfate, or phosphate. 

Examples of acyloxymethyl ester groups, R 5 , 
are acetoxymethyl , propionoxymethyl, pivaloyloxymethyl, 
5 and benzoyloxymethyl groups. 

A compound of Formula (1) is converted to 
its strong acid salt by reaction with about one molar 
equivalent or excess of an acid such as hydrochloric 
acid, hydrobromic acid, sulfuric acid, or phosphoric 
10 acid. 

The biologically-labile esters are prepared 
with a compound of Formula (1) and an acyloxymethyl 
halide, an indanyl halide, for example, 5-bromoindane or 
phthalidyl bromide. Upon esterification, the salt form 
of the ester is obtained. For example, with acetoxy- 
methyl bromide the acetoxymethyl ester bromide is 
obtained (Formula (3), R g is acetoxymethyl, A" is Br"). 

One skilled in the art will appreciate that if 
in a compound of Formula (1) R' 1 is a carboxy-substituted 
alkyl or cycloalkyl group and R- ' » is hydroxy, the di- 
biologically-labile esters may be prepared. Likewise, 
acid addition salts will be formed with any basic amino 
groups present in the molecule (i.e. Formula (1) in 
which an amino-substituted heterocyclic group is present) 
when the strong acid salts of Formula (3) are prepared. 

The biologically-labile ester salts and the 
strong acid salts represented by Formula (3) are alter- 
native forms of the compounds of Formula (1) and may be 
formulated for administration in therapy. 



15 



20 



25 
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The compounds of Formula (1), in which R is 
hydrogen or forrayl, are prepared with 7-aminocephalo- 
sporanic acid and 7-formamidocephalosporanic acid, 
respectively, by displacement of the 3-acetoxy group 
5 with the bicyclicpyridine as described above. Alterna- 
tively , 7- f ormamido-3 - iodomethyl-3 -cephem-4-carboxylic 
acid trimethylsilyl ester is prepared by the Bonjouklian 
method as described earlier and then is reacted with the 
bicyclicpyridine to provide the compound of Formula (1) 

10 in which R is formyl. 

Alternatively, the 7 -amino nucleus compounds 
of Formula (1) (R is H) are prepared by the well-known 
N-deacylation reaction which proceeds through an imino 
chloride to an imino ether and upon decomposition of the 

15 latter, to the 7-amino-3-bicyclicpyridinium-4-carboxylate. 
Initially, a 7-acyl aminocephalosporanic acid, in which 
the 7-acyl group can be, for example, phenylacetyl, 
phenoxyacetyl or a heterocyclic acyl group such as 
thienyl acetyl, is reacted with the bicyclicpyridine to 

20 form the 7-acylamino-3-bicyclicpyridinium-methyl)-3- 
cephem-4-carboxylate. Alternatively, the latter com- 
pound is obtained via the 7-acylamino-3-iodomethyl ester 
(Bonjouklian method) which is allowed to react with the 
bicyclicpyridine. The 7-acyl bicyclopyridinium compound 

25 then is treated with an imino halide- forming reagent 

such as phosphorus pentachloride in an inert solvent in 
the presence of an acid-binding agent such as a tertiary 
amine, e.g. , diethylaniline, to provide the imino halide 
derivative of the 7-position acylamido group. Without 

30 isolation, the imino halide is treated with an alcohol, 
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alkanediol or benzyl alcohol to form the corresponding 
imino ether. Decomposition of the imino ether , for 
example by aqueous hydrolysis, provides the 7-amino 
nucleus compound. 

In an example of the preparation of a 7-amino 
nucleus compound by this method, 7-(2-thienylacetamido)- 
cephalosporanic acid is reacted with lH-imidazolo[4,5- 
b]pyridine to prepare 7-(2-thienylacetamido)-3-(lH- 
imidazolo [4 , 5-b ]pyridinium-4-ylmethyl ) -3-cephem-4-car- 
boxylate. The latter is converted to the trimethylsilyl 
ester with trimethylchlorosilane in a halogenated 
hydrocarbon solvent in the presence of a weak base such 
as dimethylacetamide in an amount corresponding to a 4-5 
molar excess. Solvents such as methylene chloride, 
trichloroethane, and chloroform are suitable. The solu- 
tion of the silyl ester is cooled to a temperature of 
about -30°C. to about 0°C. and an imino halide- forming 
reagent such as phosphorus pentachloride is added. 
After imino halide formation is complete, a C 1 -C 4 
alkanol, an alkanediol, or a benzyl alcohol is added to 
the cold reaction mixture. The reaction mixture is 
allowed to warm to about room temperature and the 
product, 7-amino-3-(lH-imidazolo [4, 5-b]pyridinium- 
4-ylmethyl)-3-cephem-4-carboxylic acid, precipitates in 
the form of the dihydrochloride salt represented by the 
formula: 
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The N- formyl compounds (Formula (1), R is 
10 formyl) are useful as intermediates in the preparation 
of the antibiotic compounds of the invention. For 
example, 7-formamidocephalosporanic acid is silylated 
and the silyl ester converted to the 3-iodomethyl 
derivative with trimethylsilyliodide as described 
15 hereinabove* The 3-iodomethyl silylated derivative is 
reacted with the bicyclicpyridine to form the compound 
represented by Formula (1). The N- formyl -3 -bicyclic- 
pyridinium-methyl-3-cephem is then converted to the 
7-amino nucleus compound with methanolic hydrochloric 
20 acid. 

The 7-amino-3-(bicyclicpyridinium methyl) -3- 
cephem-4-carboxylate or the dihydrochloride salt thereof 
also is obtained with cephalosporin C in which the amino 
and carboxy groups are protected. For example, ceph- 

25 alosporin C is first silylated with a conventional 

silylating reagent such as N-methyl-N-trimethylsilyl- 
trifluoroacetamide to form the N-trimethylsilyl di- 
trimethylsilyl ester derivative. The latter is reacted 
with TMSI by the Bonjouklian method, and the 3-iodo- 

30 methyl silylated derivative of cephalosporin C obtained 
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then is allowed to react with the bicyclicpyridine, and, 
following hydrolysis of the silyl groups, the compound 
of the Formula (1) in which R is o-aminoadipoyl is 
obtained. The or-aminoadipoyl side chain is cleaved by 
the N-deacylation procedure described above, in carry- 
ing out the N-deacylation, the amino group and the 
carboxy groups of the molecule are protected. 

In carrying out the preparation of a 7-amino- 
3- (bicyclicpyridinium methyl ) -3-cephem-4-carboxylate 
with Cephalosporin C, the silylated 3- (bicyclicpyri- 
dinium methyl) derivative obtained in the Bonjouklian 
method as described above can be used. Because the 
amino group and the two carboxy groups are silylated, 
and thus protected, the N-deacylation can be performed 
directly. During the final step of the N-deacylation, 
i.e. following the formation of the imino ether of the 
side chain moiety, water is added to effect the hydro- 
lysis of the silyl protecting group. This preparation 
is illustrated by the following reaction scheme. 



\ 

S 



\ 
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Alternatively, the 7-amino-3-(bicyclicpyri- 
dinium methyl) nucleus compound can be obtained with 
Cephalosporin C having the amino group and the carboxy 
groups protected. Examples of protecting groups which 
5 can be used are given earlier for the definition of the 
term "protected amino adipoyl 11 . 

The 7-amino nucleus compound (Formula (1), 

R = H) prepared by the N-deacylation method or via the 

N-formyl derivative is acylated with a 2-(hetero- 

10 cyclic )-2-oximinoacetic acid represented by the Formula 

R'-C-COOH 
it 
N 

^O-R 1 » 

15 or an activated derivative thereof, to provide an 

antibiotic compound of Formula (1). The N-acylation 
coupling reaction is performed using acylation methods 
well-known in the art. Active derivatives of the 
carboxy group such as the so-called "active esters" can 

20 be used. Examples of active esters are those formed 
with the oximino acetic acid and hydroxybenzotriazole 
(HBT), or hydroxy succinimide; and the esters formed with 
methyl chloroformate and isobutyl chloro formate. The 
acylation also can be carried out by employing the acid 

25 halide, e.g. the acid chloride, in the presence of an 
acid scavenger such as sodium bicarbonate or triethyl- 
amine. 

The amino group of the amino- substituted 
heterocycles (R f in formula 1) desirably is protected 
30 during the N-acylation of the 7-amino nucleus compound. 
Amino-protecting groups which can be used are those 
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commonly employed in the cephalosporin art for the 
temporary protection of basic amino groups to block or 
prevent the amino group from interfering with a reac- 
tion carried out at another site in the molecule* 
5 Examples of such groups are the haloacyl groups such as 
chloroacetyl and dichloroacetyl; the urethane-forming 
protecting groups such as t-butyloxycarbonyl , 2,2,2-tri- 
chloroethoxycarbonyl , cyclopentyloxycarbonyl , adamantyl- 
oxycarbonyl, benzyloxycarbonyl , p-nitrobenzyloxycarbonyl, 

10 and diphenylmethyloxycarbonyl ; and other protecting 

groups such as trityl (triphenylmethyl) and benzhydryl. 

The compounds represented by Formula (2a) in 
which R 4 is an acetoxy group are prepared by known 
methods. For example, compounds in which R' is the 2- 

15 aminothiazol-4-yl group are described by Heymes et. al . , 
U.S. Patent No. 4,152,432; compounds in which R' is 2- 
aminopyridin-6-yl, 2-aminopyrimidin-5-yl, or 4-amino- 
pyrimidin-2-yl, are described in U.S. Patent No. 
4,167,176; compounds in which R f is 5-amino-l,2,4- 

20 thiadiazol-3-yl are described in EPO Publication No. 

0,007,470; compounds in which R' is 2-aminooxazol-4-yl / 
5-amino-l,2,4-oxadiazol-3-yl or 5-aminoisoxazol-3-yl are 
described in U.S. Patent No. 4,406,898; compounds in 
which R 1 1 is an N-substituted carbamoyl group are 

25 prepared by methods described in U.S. Patent No. 

4,200,575; and compounds in which R 1 is 3-aminopyrazol- 
5-yl, or pyrazol-5-yl are obtained as described in U.K. 
Patent Application 2,046,734A. 

Commonly, the compounds of Formula (2a) in 

30 which R A is acetoxy are prepared by the N-acylation of 
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the 7-amino group of 7-aminocephalosporanic acid, or an 
ester thereof, with the 2- (heterocyclic) -2 -oximinoace tic 
acid by employing acylation methods known in the art. 
For example, the heterocyclic oximino-substituted acetic 
5 acid is converted to an active ester, such as the ester 
formed with hydroxybenzotriazole or hydroxysuccinimide, 
and the active ester is used as the acylating moiety. 
Other active derivatives of the carboxylic acid such as 
the acid chloride or acid azide can be used in the 
10 acylation. 

The compounds of Formula (2) in which R 1 is a 
pyrazol-5-yl or 3-aminopyrazol-5-yl group are prepared 
by employing methods known in the art. The 2-(pyrazol- 
5-yl)-2-oximinoacetic acid or the 2-(3-aminopyrazol-5- 

15 yl)-2-oximinoacetic acid is prepared and converted to an 
active derivative of the carboxylic acid, for example, 
an active ester. The active ester is used to N-acylate 
7-aminocephalosporanic acid. The resulting 7-[2-(pyra- 
zo 1 - 5 -y 1 ) -2 -oximinoacetamido ] -3 - acetoxymethy 1 - 3 -cephem- 

20 4-carboxylic acid and 7-[2-(3-aminopyrazol-5-yl)-2- 

oximinoacetamido]-3-acetoxymethyl-3-cephem-4-carboxylic 
acid are converted to the corresponding 3-iodomethyl 
silylated derivatives as described earlier. The latter 
may be reacted with, for example, thienopyridine to 

25 provide the respective compound of the invention. 

The pyrazole and aminopyrazole oximino sub- 
stituted acetic acids are prepared by synthetic methods 
known in the art. For example, the 2-(pyrazol-5-yl)-2- 
alkoxyiminoacetic acid is prepared by heating in an 
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inert hydrocarbon solvent the acetyl oximino compound of 
formula (A): 

0 

5 CHg-C-C-COOCjHg 

N (A) 

\ 
0 



10 



15 



in which R 1 1 is as defined above but is other than 
hydrogen, with dimethyl formamide dimethyl acetal to form 
the dime thy laminome thy lene oximino ester of the formula 

O 

( CH 3 ) 2 N-CH=CH-C-C-COOC 2 H 5 
N 

V 
o 



20 \ 



R 



i i 



The latter is reacted with hydrazine hydrate to provide 
the ethyl ester of 2-(pyrazol-5-yl)-2-alkoxyiminoacetic 
acid. The ester is hydrolyzed to the free acid and the 

25 acid converted to an active ester for acylation. 

The 2-(3-aminopyrazol-5-yl)-2-alkoxyimino- 
acetic acid is prepared by reacting the compound of 
formula (A) with carbon disulfide and two equivalents of 
methyl iodide to form the intermediate compound of 

30 formula (B) 

0 

(CH 3 -S- ) 2 C=CH-C-C-COOC 2 H5 
N 

35 \ 

0 (B) 

V • 
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20 



25 



Intermediate (B) is reacted with N-t-BOC hydrazine to 
provide compound (C), 



and (C) is reacted with hydrazine hydrate to form 

2- ( 3-t-BOC-hydrazinopyrazol-5-yl )-2-oximinoacetic acid 

ethyl ester (D). 



Compound (D) is treated with trifluoroace tic acid to 
remove the t-BOC group and the 3-hydrazinopyrazole is 
nitrosated with nitrous (HN0 2 ) acid, in the cold, to 
form 2^(3-azidopyrazol-5-yl)-2-oximinoacetic acid ethyl 
ester. The azido group is reduced to the amino group by 
chemical reduction to provide the 2-(3-aminopyrazol-5- 
yl)-oximinoacetic acid ethyl ester. The ester is 
hydrolyzed under alkaline conditions to the free acid. 



stereochemistry as known cephalosporin antibiotics. The 
7-position side chain has the natural 0 -configuration 
(6R f 7R), while the oximino group in the side chain can 
exist in the syn or anti forms or as a mixture of both. 




(C) 




The compounds of the invention have the same 
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Compounds of the invention in either form are prepared 
by employing the 2- (heterocyclic )-2-oximinoacetic acid 
acylating moiety in the syn or anti form- Alterna- 
tively, mixtures of the syn and anti compounds of 
5 Formula (1) can be separated by chromatographic means 
such as by HPLC The compounds in the syn form are 
preferred because of their higher activity. 

Examples of bicyclicpyridinium compounds of 
Formula (1) in which R is an acyl group may include the 
10 following compounds: 

7- [2-(2-aminothiazol-4-yl)-2-hydroxyimino- 
acetamido ] -3- ( IH-imidazolo [4 , 5-b ] pyridinium-4-ylmethyl ) - 
3-cephem-4-carboxylate, 

7- [2- ( 2-aminothiazol-4-yl ) -2-methoxyimino- 
15 acetamido] -3- ( IH-imidazolo [4 , 5-c]pyridinium-5-ylmethyl ) - 
3 -cephem-4-carboxyl ate , 

7- [2-(2-andnothiazol-4-yl)-2-ethoxycarbonyl- 
methoxyiminoacetamido]-3-(3H-imidazolo [4, 5-c]pyridinium- 
5-ylmethyl ) -3-cephem-4-carboxylate , 
20 7- [2-(2-aminothiazol-4-yl)-2-methoxyimino- 

acetamido ] -3- ( 3H-imidazolo [4 , 5-b ]pyridinium-4-ylmethyl ) - 
3-cephem-4-carboxylate , 

7 - [ 2 - ( 2 - amino thi azol -4-y 1 ) - 2 -me thoxy imino- 
acetamido ] -3- ( thiazolo [4 / 5-c]pyridinium-5-ylmethyl ) -3 - 
25 cephem-4-carboxylate, 

7- [2-(2-aminothiazol-4-yl)-2-methoxyimino- 
acetamido ] -3- ( thiazolo [4 , 5-b ]pyridinium-4-ylmethyl ) -3- 
cephem-4-carboxylate , 
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7- [2- (2-aminothiazol-4-yl ) -2 -methoxyimi.no- 
acetamido ] -3 - (thiazolo [ 5 , 4-c ] pyridinium-5-ylmethyl ) -3- 
cephem-4-carboxylate, 

7- [2- ( 2-aminothiazol-4-yl )-2-methoxyimino- 
5 acetamido ] -3 - (thiazolo [ 5 , 4-b ] pyridinium-4-ylmethyl ) -3- 
cephem-4-carboxylate , 

7- [2- ( 2-aminopyridin-6-yl ) -2- ( 2-carboxypro- 
pyl )xyiminoacetamido) -3 -(oxazolo [4, 5-b]pyridinium-4- 
ylmethyl ) -3~cephem-4-carboxylate , 
10 7-[2-(5-amino-l,2,4-thiadiazol-3-yl)-2-methoxy- 
iminoacetamido]-3-(oxazolo[4,5-c]pyridinium-5-ylmethyl)- 

3- cephem-4-carboxylate , 

7- [2- (5-aminoisothiazol-3-yl )-2-(2-carboxyprop- 
2-yl )oxyiminoacetamido] -3- (oxazolo [5 , 4-c]pyridinium-5- 
15 ylmethyl ) -3-cephem-4-carboxylate , 

7- [2- ( 2-aminopyrimidin-5-yl ) - 2 - ethoxyimino - 
acetamido] -3- (oxazolo [5 , 4-b]pyridinium-4-ylmethyl )-3- 
cephem-4-carboxylate , 

7- [2- (4-aminopyrimidin-2-yl ) -2- (N-raethylcar- 
20 bamoyloxy)iminoacetamido]-3-(lH-2-methylimidazolo[4, 5- 
b ]pyridinium-4-ylmethyl ) -3 -cephem-4-carboxylate , 

7- [2- (2-aminopyridin-6-yl ) -2-methoxyimino- 
acetamido ] -3 - ( 3H-2-phenylimidazolo [4 , 5-b ] pyridinium- 

4- ylmetbyl ) -3-cephem-4-carboxylate , 

25 7- [2- (3-aminopyrazol-5-yl ) -2 -methoxy imino- 

acetamido ] -3 - ( 2-ethyl thiazolo [ 5 , 4-c ] pyr idinium- 5- 
ylmethyl ) -3-cephem-4-carboxylate / 

7- [2-(2-aminooxazol-4-yl )-2-ethoxycarbonyl- 
methoxyiminoacetalhido ] -3- ( 2-aminooxazolo [ 5 , 4-c ]pyri- 

30 dinium-5-ylmethyl ) -3-cephem-4-carboxylate , 
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7-[2-(pyrazol-5-yl)-2-methoxycarbonylmethoxy- 
iminoacetamido] -3- (2-acetamidothiazolo [5 , 4-c]pyridinium- 
5-ylmethyl ) -3-cephem-4-carboxylate , 

7- [2-(pyrazol-5-yl )-2-ethoxycarbonylmethoxy- 
5 iminoacetamido] -3- ( 2- ( 2-thienyl ) oxazolo [5 , 4-c]pyridinium- 
5-ylmethyl ) -3-cephem-4-carboxylate , 

7-[2-(5-aminoisoxazol-3-yl)-2-methoxyimino- 
cetamido ] -3 - ( 2 -aminooxazolo [ 5 , 4-b ] pyr idinium-4-ylmethyl ) - 
3-cephem-4-carboxylate , 
10 7- [2- ( 2-aminothiazol-4-yl ] -2- ( 2-carboxyprop- 

2-yl )oxyiminoacetamido] -3- ( lH-2-aminoimidazolo [4 , 5- 
c ] pyridinium-5-ylmethyl ) -3-cephem-4-carboxylate , 

7-[2-(2-aminothiazol-4-yl)-2-(2-carboxyprop-2- 
yl )oxy iminoacetamido ] -3- ( 1 , 2-dimethylimidazolo [4 , 5- 
15 c ] pyridinium-5-ylmethyl ) -3 -cephem-4-carboxylate , 

7- [2- ( 5-amino-l , 2 , 4-oxadiazol-3-yl ) -2- (2-car- 
boxyprop-2-yl )oxyiminoacetamido] -3- ( l-methyl-2-phenyl- 
3H-imidazolo [4, 5-c]pyridinium-5-ylmethyl )-3-cephem-4- 
carboxylate, 

20 7- [2- ( 2-aminothiazol-4-yl ) -2- ( 2-carboxy- 

prop-2 -yl ) oxyiminoacetamido ] -3 - ( 2 - f ormamidothi azolo [ 4 , 5- 
b ] pyridinium-4-ylmethyl ) -3-cephem-4-carboxylate , 

7- [2- (2-aminopyridin-6-yl ) -2-methoxyimino- 
acetamido]-3-(2-aminothiazolo[4, 5-c]pyridinium-5- 
25 ylmethyl ) -3-cephem-4-carboxylate , 

7- [2- ( 2-aminopyridin-6-yl ) -2-methoxyimino- 
acetamido] -3- ( 2-n-butylthiazolo [5 , 4-c]pyridinium-5- 
ylmethyl ) -3 -cephem-4-carboxylate , 
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7- [ 2 - ( 2 - aminopyr i din- 6 - yl ) -2-ethoxycarbonyl- 
methoxyiminoacetamido] -3- ( 2-aminothiazolo [5 , 4-b ]pyri- 
dinium-4-ylmethyl )-3-cephem-4-carboxylate , 

7- [2- ( 5-amino-l , 2 , 4-thiadiazol-3-yl ) -2-oximino- 
5 acetamido ] -3- ( 2-phenyloxazolo [4 , 5-b ]pyridinium-4-yl- 
methyl ) -3-cephem-4-carboxylate , 

7- [2- ( 2-aminothiazol-4-yl ) -2-methoxyimino- 
acetamido ] -3- ( 2-phenyloxazolo [5 , 4-c]pyridinium-5-yl- 
methyl ) -3-cephem-4-carboxylate , 
10 7- [2-(2-aminothiazol-4-yl )-2-methoxyimino- 

acetamido] -3- ( 2-isopropylthiazolo [5 , 4-b]pyridinium-4- 
ylmethyl ) -3-cephem-4-carboxylate , 

7- [2-(2-aminothiazol-4-yl)-2-methoxyimino- 
acetamido]-3-(2-ethyl-l-propyl-lH-imidazolo [4,5-b]- 
15 pyridinitun-4-ylmethyl ) -3-cephem-4-carboxylate , 

7- [2-(2-aminotbiazol-4-yl )-2-ethoxyimino- 
acetamido] -3- ( 1 , 2-dimethyl-3H-imidazolo [4, 5-c]pyri- 
dinium- 5 -ylmethy 1 ) -3-cephem-4-carboxylate , 

7- [ 2 - ( pyr az ol-5-yl)-2 - e thoxy carbony lme thoxy- 
20 iminoacetamido] -3- ( 2- ( 2-thienyl ) thiazolo [4 , 5-b ]pyri- 
dinium-4-ylmethy 1 ) -3 -cephem-4-carboxyl ate , 

7- [2- ( 2-aminothiazol-4-yl ) -2-methoxyimino- 
acetamido] -3- (2-pbenyloxazolo [4, 5-b]pyridinium-4-yl- 
metbyl ) -3-cephem-4-carboxylate , 
25 7- [2-( 5-aminoisoxazol-3-yl )-2-methoxyimino- 

acetamido]-3-(2-isopropyloxazolo[5 / 4-c]pyridinium-5- 
ylmetbyl ) -3 -cephem-4-carboxylate , 

7- [2-(2-aminothiazol-4-yl )-2-methoxyimino- 
acetamido] -3- ( 2-phenyloxazolo [5 , 4-b ]pyridinium-4-yl- 
30 methyl ) -3-cephem-4-carboxylate , 
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7- [2-(2-aminothiazol-4-yl )-2-methoxyimino- 
acetamido] -3- ( 2-aminooxazolo [4, 5-c]pyridinium-5-yl- 
methyl)-3-cephem-4-carboxylate, 

7- [2-(2-aminothiazol-4-yl )-2-methoxyimino- 
5 acetamido] -3- ( 2-aminothiazolo [4 /5-c]pyridinium-5-yl- 
methyl ) -3-cephem-4-carboxylate , 

7-[2-(2-aminothiazol-4-yl)-2-(2-carboxyprop- 

2- yl ) oxyiminoacetamido ] -3- ( 2 -isbbutyl thiazolo [5,4- 
c]pyridinium-5-ylmethyl )-3-cephem-4-carboxylate, 

10 7- [2- ( 5-amino-l , 2 , 4-thiadiazol-3-yl ) -2- 

methoxyiminoacetamido] -3- (2-butyramido-lH-imidazolo [4,5- 
clpyridinium-S-ylmethylJ-S-cephem^-carboxylate, 

7- [2- (pyrazol-5-yl )-2-ethoxycarbonylmethoxy- 
iminoacetamido]-3-[l / 2-diethyl-3H-imidazolo[4 / 5-c]pyri- 
15 dinium-5-ylmethyl ) -3-cephem-4-carboxylate , 

7- [2- ( 2-aminothiazol-4-yl ) -2-methoxyimino- 
acetamido ] -3- ( 2 -ace tamido thiazolo [5 , 4-b ]pyridinium-4- 
ylmethyl ) -3 -cephem-4-carboxylate , 

7-[2-(2-aminothiazol-4-yl)-2-(2-carboxyprop- 
20 2-yl ) oxyiminoacetamido] -3- (2-isobutyloxazolo [4 ,5-b]pyri- 
dinium-4-ylmethyl ) -3-cephem~4-carboxylate , 

7- [2-(2-aminopyrimidin-5-yl )-2-ethoxyimino- 
acetamido] -3- ( 2-methyloxazolo [5 , 4-b]pyridinium-4-yl- 
methyl ) -3 -cephem-4-carboxylate , 
25 7-[2-(2-aminothiazol-4-yl)-2-hydroxyimino- 
acetamido] -3- ( thiazolo [5 , 4-c]pyridinium-5-ylmethyl )- 

3- cephem-4-carboxylate , 

7- [2- ( 3-aminopyrazol-5-yl ) -2-methoxyimino- 
acetamido] -3- ( 2 -phenyl thiazolo [5 , 4-b ]pyridinium-4-yl- 
30 methyl ) -3-cephem-4-carboxylate , 
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7- [ 2 - ( 2 - amino thi azo 1 -4-y 1 ) -2- (2-carboxyprop~ 
2-yl ) oxyiminoacetamido ] -3- ( 2 - ( 2-thienyl ) -3H-imidazolo- 
[4, 5-b]pyridinium-4-ylmethyl )-3-cephem-4-carboxylate, 
and 

5 7- [2- (5-amino-l , 2 , 4-thiadiazol-3-yl ) -2-meth- 

oxyiminoacetamido] -3- ( 2-aminooxazolo [5 , 4-c]pyridinium-5- 
ylmethyl ) -3-cephem-4-carboxylate . 

A preferred group of compounds are those 
represented by Formula (1) in which X is N-R 2 or S. 

10 Preferred compounds of the invention also are 

represented by Formula (1) in which R is an acyl group 
and R 1 is 2-aminothiazol-4-yl and R 1 1 is C^C^ alkyl, 
preferably methyl, or a carboxy-substituted alkyl group, 
preferably 2-carboxyprop-2-yl, 2-carboxymethyl, or 

15 2-carboxyethyl. 

The following non-limiting examples are 
provided to further illustrate the invention. 

In the Examples, TMSI is trimethylsilyliodide; 
THF is tetr ahydro fur an ; HPLC is high performance liquid 

20 chromatography; NMR is nuclear magnetic resonance 

spectrum; DMSO-d 6 is deuterated dimethyl sulfoxide; and 
the letters characterizing the NMR signals are as 
follows: s is singlet, d is doublet, q is quartet, m is 
multiplet, t is triplet, v is very, and b is broad. The 

25 NMR spectra were run on a JEOL FX-90 . 

Preparation 1 

3H-Imidazolo[4 / 5-c]pyridine was prepared by 
30 the method of Stanovik and Tisler, Synthesis , 2, 120 
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(1974). A mixture of 2-2 g (0.02 mole) of 3,4-diamino- 
pyridine and 5 ml of diethoxymethyl acetate was heated 
at reflux for two hours. The reaction mixture was 
cooled and diluted by addition of ethyl acetate- The 
solid precipitate was collected by filtration and 
sublimed at 170°C (50 torr) to give 0.84 g of 3H- 
imidazolo[4, 5-c]pyridine; mp 165-168°C. 
Analysis calc. for C & H 5 N 3 

Theory: C, 60.50; H, 4.23; N, 35.27. 
Found: C, 60.15; H, 4.32; N, 34.94. 

Preparations 2-4 

Following the general procedure of Prepara- 
tion 1, the following imidazolopyridines were prepared: 
IH-imidazolo [4 ,5-c] pyridine; mp 164-166°C. 
3-methyl-3H-imidazolo[4, 5-c] pyridine; mp 

82-88°C 

l-methyl-lH-imidazolo[4,5-c]pyridine; mp 80°C. 

Preparation 5 

A mixture 15.0 g of 3,4-diaminopyridine and 
100 ml of acetic anhydride was heated at 120 °C for 
25 seventy hours. The reaction mixture was cooled, con- 
centrated and made alkaline to pH 11 by addition of 5N 
sodium hydroxide. The alkaline solution was extracted 
with chloroform and the extracts were combined, dried, 
and concentrated to dryness to give 5.8 g of 1H-2- 
30 methyl- imidazolo [4, 5-c] pyridine; mp 164-166°C 
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Preparations 6-7 
Similarly prepared were: 

1. 2- Dimethyl-lH- imidazolo [4, 5 -c] pyridine; mp 

5 171-173 °C. 

2. 3- Dimethyl-3H- imidazolo [4, 5-c]pyridine; M + 
Theory 147; Found 147. 

Preparation 8-9 

A mixture of 1.1 g (10 mM) of 3 , 4-diaminopyri- 
dine, 1.3 g (10 mM) of thiophene-2-carboxylic acid, and 
50 g of polyphosphoric acid was heated at 160°c for four 
hours. The reaction mixture was added to 100 g of ice 
and stirred for fifteen minutes. The precipitated solid 
was collected by filtration and dried to give 500 mg of 
2-(2-thienyl)-lH-imidazolo[4,5-c]pyridine; mp 265-268°C. 

Similarly prepared was 2-phenyl-lH-imidazolo- 
[4, 5-c] pyridine; 730 mg, single spot tic (silica, 
chloroform-methanol; 90:10 v/v). 

Preparation 10 

A mixture of 20 g (0.18 mole) of 2-amino-3- 
25 hydroxypyridine in 80 ml of water containing 20 g (0.19 
mole) of cyanogen bromide was heated at reflux for fif- 
teen minutes. The reaction mixture was filtered and the 
filtrate was cooled, neutralized by addition of sodium 
bicarbonate, and the precipitate that formed was col- 
30 lected by filtration and dried to give, following 
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recrystallization from ethanol and water, 8.66 g of 2- 
aminooxazolo [4 ,5-b] pyridine; mp 220-222°C, 



5 



Preparation 11 

3-Amino-4-hydroxypyridine was reacted with 
acetic anhydride to afford 4.7 g of 2-methyloxazolo[4, 5- 
c] pyridine; mp 56-58 °C. 

10 Preparation 12 

Following the procedure of Takahashi, Chem. 
Pharm. Bull. (Tokyo) 2, (1954), 963 mg of 3-nitropyri- 
dine-4-thiol was reacted with 28.89 g of formic acid and 
15 6.42 g of iron filings to provide, following puri- 
fication over a silica gel column, 860 mg of thiazolo- 
[4 ,5-c] pyridine; mp 101-104°C. 



20 



Preparation 13 



A mixture of 1.3 g of 3-nitropyridine-4-thiol 
in 4 ml of acetic acid and 15 ml of acetic anhydride 
containing 1.5 g of zinc dust was heated at reflux for 
four hours. The reaction mixture was cooled and con- 
25 centrated to an oil. The oil was dissolved in 5N sodium 
hydroxide and the alkaline solution was extracted with 
diethyl ether. The extracts were combined, dried and 
concentrated to dryness to afford 557 mg of 2-methyl- 



thiazolo [4, 5-c] pyridine. M + Theory 150; Found 150. 
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Preparation 14 



3-Nitropyridine-4-thiol was reacted with pro- 
pionic acid, propionic anhydride and zinc to give 2- 
ethylthia2olo[4,5-c]pyridine; mp 35°C. 



Preparation 15 

ACCOrding to ^ method described in J. Het chein 
10 14(1), 129(1977) 2-chloro-3-aminopyridine was re^eT^' 
with potassium thiocyanate and hydrochloric acid in 
ethanol to produce 45.3 g of 2-aminothiazolo[5,4-bl- 
pyridine. M Theory 151; Found 151. 



Example 1 



syn-7-[2-(2-Aminothiazol-4-yl)- 2 -(2-carboxy- 
prop-2-yl )oxyiminoacetamido] -3- ( lH-imidazolo [4 5-cl - 

pyridinium-5-ylmethyl)-3-cephem-4-carboxylate 

To a suspension of 1.34 g (2.5 mM) of syn-7- 

[2-( 2 -aminothiazol-4-yl)-2-(tert-butoxycarbonylprop-2- 
yl)oxyiminoacetamido]-3-acetoxymethyl-3-cephem-4-car- 
boxylic acid in 15 ml of dichloromethane were added in 
one portion 1.42 ml (8 mM) of N-methyl-N-trimethylsilyi- 
tnfluoroacetamide. The reaction mixture was stirred 
for five minutes at 25°C under nitrogen. To the stirred 
solution was added by pipette 0.88 ml (6.2 mM) of TMSI 
and the reaction mixture then was stirred at 25 °C for 
thirty minutes. The solvent was removed by evaporation 
under reduced pressure to provide an oil. The oil was 
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dissolved in 6 ml of acetonitrile and 0.84 ml (10.3 mM) 
of tetrahydrofuran and the solution was stirred for five 
minutes, whereupon a solution of 325 mg (2.7 mM) of 
lH-iraidazolo[4,5-c]pyridine (from Preparation 2) in 2 ml 
5 of acetonitrile containing 1 ml of N-methyl-N-trimethyl- 
silyltrifluoroacetamide was added in one portion. The 
reaction mixture was stirred for three hours at 25 °C and 
then added to a mixture of 60 ml of diethyl ether, 35 ml 
of acetone and 5 ml of methanol. The precipitated solid 

10 was collected by filtration to provide 630 mg (23% 

yield) of the product as a solid. The solid was purified 
by reverse phase C 18 silica HPLC using acetonitrile- 
acetic acid-water (10-2-88% by volume) as eluant. 
Removal of the solvents from the appropriate fractions 

15 afforded 120 mg of syn-7- [2- ( 2-aminothiazol-4-yl ) -2-car- 
boxyprop-2 -yl ) oxyiminoacetamido ] -3- ( lH-imidazolo [4,5- 
c]pyridinium-5-ylmethyl ) -3-cephem-4-carboxylate . 
IR(KBr): 1776 cm"" 1 ^-lactam; 
UV (EtOH) \ max 220 e 37,000; 

20 M + Theory 586; Found 586; 

NMR (DMSO-d 6 ): signals at 9.75 (s, 1H) 6 9.5 (d, 1H); 
8.1 (d, 1H); 8.7 (d, 1H); 7.1 (bs, 2H); 6.7 (s, 1H); 5.7 
(m, 1H); 5.15 (d, 1H); 1.4 (s, 6H); 

25 Example 2 

syn- 7- [2- (2-Aminothiazol-4-yl )-2-methoxyimino- 
acetamido]-3-(lH-imidazolo[4 / 5-c]pyridinium-5-ylmethyl)- 
3 -cephem-4-carboxy 1 ate 
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A suspension of 910 mg (2 mM) of syn-7-F2-(2- 
aminothiazol-4-yl ) - 2 -me thoxyiminoace tami do ] -3-acetoxy- 
methyl-3-cephem-4-carboxylic acid in 5 ml of dichloro- 
methane containing 1.24 ml (7 mM) of N-methyl-N-tri- 
5 methylsilyltrifluoroacetamide was warmed to 40 °C and 
sonicated for five minutes. The reaction mixture was 
cooled to 25 °C and stirred while 0.77 ml (5.4 mM) of 
TMSI were added, and then stirring was continued at 25°C 
for thirty minutes. The solvent was removed by evapor- 

10 ation under reduced pressure and the oil was dissolved 
in 3 ml of acetonitrile and 0.77 ml (9 mM) of tetra- 
hydrofuran. To this reaction mixture was added a 
solution of 297 mg (2.5 mM) of lH-imidazolo[4,5-c]- 
pyridine in 12 ml of acetonitrile containing 1.5 ml of 

15 N-methyl-N-trimethylsilyltrifluoroacetamide. The reac- 
tion mixture was stirred at 25 °C for three hours and 
then added to 50 ml of 95% acetone-methanol (v/v). The 
precipitated solid was collected by filtration (yield 
1.09 g) and purified by reverse phase C 18 silica HPLC 

20 using acetonitrile-acetic acid-water (4-2-94 percent by 
volume). There were obtained 390 mg of syn-7-[2-(2- 
aminothiazol-4-yl )-2-methoxyiminoacetamido] -3- ( 1H- 
imidazolo [4, 5-c]pyridinium-5-ylmethyl )-3-cephem-4- 
carboxylate . 

25 IR(KBr): 1772 cm" 1 p-lactam; 
UV (EtOH) \ max 212 e 34,000; 
M Theory 515; Found 515; 

NMR (DMSO-d 6 ): signals at 5 9.85 (s, 1H); 9.55 (d, 1H); 
8.9 (d, IB); 8.8 (s, 1H); 8.15 (d, 1H); 7.2 (bs, 2H); 
30 6.7 (s, 1H); 5.7 (m, 1H); 5.15 (d, 1H); 3.8 (s, 3H). 
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Example 3 

syn-7- [2-(2-Aminothiazol-4-yl )-2-methoxyimino- 
acetamido]-3-(3-methyl-3H-imida2olo[4,5-c]pyridinium-5- 
5 ylmethyl)-3-cephem-4-carboxylate was prepared according 
to the procedure of Example 2 by reacting 910 mg (2 mM) 
of syn-7- [2-(2-aminothiazol-4-yl )-2-methoxyiminoaceta- 
mido]-3-acetoxymethyl 4-carboxylic acid with 1.24 ml 
(7.0 mM) of N-methyl-N-trimethylsilyltrifluoroacetamide 

10 and 0.77 ml (5.4 mM) of TMSI to produce the correspond- 
ing 3-iodomethyl cephalosporin, and reacting the latter 
compound in situ with 3-methyl-3H-imidazolo[4,5-c]pyri- 
dine. The product was obtained as 920 mg of a white 
solid. Purification over C 18 reverse phase HPLC gave 

15 340 mg of title compound. 
IR(KBr): 1772 cm" 1 ; 
UV (EtOH) k v 210 e 36,500; 
M Theory 529; Found 529; 

NMR (DMSO-d 6 ): signals at w 9.5 (d, 1H) 9.4 (d, 1H); 
20 9.05 (s, 1H); 8.35 (d, 1H), 7.2 (bs, 2H); 6.73 <s, 1H); 
5.75 (m, 1H), 5.15 (d, 1H); 4.15 ( S/ 3H), 3.83 (s, 3H). 

Examples 4-16 

25 The following 3-bicyclicpyridiniummethyl 

cephalosporins were prepared by the methods of Examples 
1-3 by reacting a bicyclic pyridine with a 3-iodomethyl 
cephalosporin derived from the corresponding 3-acetoxy- 
methyl cephalosporin derivative: 

30 
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Example 4 

syn -7- [2-(2-aminothiazol-4-yl )-2-methoxy- 
iminoacetamido] -3- (1-methyl-lH-imidazolo [4 , 5-c]pyri- 
5 dinium-5-ylmethyl)-3-cephem-4-carboxylate. Yield 86% 
IR(KBr): 1773 cm -1 B-lactam; 
M + Theory 529; Found 529. 

NMR (DMSO-d 6 ): signals at 6 10.1 (s, 1H), 9.45 (d, 1H); 
9.1 (d, 1H), 8.8 (s, 1H), 8.3 (d, 1H), 7.15 (bs, 2H), 
10 6.65 (s, 1H), 5.65 (m, 1H), 5.05 (m, 1H), 4.0 (s, 3H), 
3.75 (s, 3H). 

Example 5 

15 syn -7- [2-(2-aminothiazol-4-yl)-2-methoxyimino- 

acetamido]-3-(2-methyl-lH-imidazolo[4,5-c]pyridinium-5- 
ylmethyl)-3-cephem-4-carboxylate. Yield 96%. 
NMR (DMSO-d 6 ): signals at 5 9.9 (s, 1H), 9.5 (d, 1H), 
8.85 (d, 1H); 8.05 (d, 1H), 7.1 (bs, 2H), 6.66 (s, 1H), 

20 5.7 (m, 1H), 5.1 (d, 1H), 3.75 (s, 3H) 2.7 (s, 3H). 

Example 6 

syn -7- [2- ( 2-aminothiazol-4-yl ) -2-methoxyimino- 
25 acetamido ] -3- ( 1 , 2-dimethyl-lH-imidazolo [4 , 5-c ]pyri- 

dinium-5-ylmethyl)-3-cephem-4-carboxylate. Yield 80% 
IR(KBr): 1774 cm" 1 p -lactam; 
UV (EtOH) k v 218 £ 48,500. 
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NMR (DMSO-d 6 ): signals at 6 9.8 (s, 1H), 9.5 (d, 1H), 
9.1 (d, 1H), 8.2 (d, 1H), 7.15 (bs, 2H), 6.65 (s, 1H), 

5.6 (m, 1H), 5.05 (m, 1H); 3.9 (s, 3H), 3.75 (s, 3H), 

2.7 (s, 3H). 

5 

Example 7 

syn- 7- [2- ( 2-aminothiazol-4-yl ) -2-methoxy- 
iminoacetamido ] -3- ( 2 , 3-dimethyl-3H-imidazolo [4 , 5-c] - 
10 pyridinium-5-ylmethyl)-3-cephem-4-carboxylate. Yield 
53% 

IR(KBr): 1775 cm" 1 p-lactam; 
UV (EtOH) \ v 206 e 38,000; 
M Theory 543; Found 543. 
15 NMR (DMS0-d 6 ): signals at 6 9.9 (s, 1H), 9.5 (d, 1H), 
9.3 (d, 1H), 8.1 (d, 1H), 7.15 (bs, 2H), 6.7 (s, 1H), 
5.7 (m, 1H), 5.1 (d, 1H), 3.95 (s, 3H), 3.8 (s, 3H), 2.8 
(s, 3H). 



20 Example 8 

syn-7- [2-(2-aminothiazol-4-yl)-2-methoxy- 
iminoacetamido] -3- [2- (2-thienyl )-lH-imidazolo [4 , 5-c] - 
pyridinium-5-ylmethyl ) -3-cephem-4-carboxylate . Yield 
25 18.7% 

IR(KBr): 1774 cm" 1 p-lactam; 
UV (EtOH) X mav 247 e 25,500; 
M Theory 596; Found 597. 
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NMR (DMSO-d 6 ): signals at 6 9.5 (d, 1H), 9.3 (s, 1H), 

8.5 (d, 3H), 7.8 (m, 2H), 7.2 (bs, 2H), 6.7 (s, 1H), 5.7 
(m, 1H), 5.1 (d, 1H), 3.8 (s, 3H). 

5 Example 9 

syn -7- [2- ( 2-aminothiazol-4-yl ) -2-methoxyimino- 
acetamido] -3- (2-phenyl-lH-imidazolo [4, 5-c]pyridinium-5- 
ylmethyl)-3-cephem-4-carboxylate. Yield 620 mg. 
10 IR(KBr): 1772 can" 1 B-lactam; 
UV (EtOH) \ max 242 e 39,500; 
M + Theory 591; Found 591. 

NMR (DMSO-d 6 ): signals at 6 9.5-7.5 (m, 8H), 7.1 (s, 
2H), 6.7 (s, 1H), 5.7 (m, 1H), 5.15 (d, 1H), 3.8 (s, 
15 3H) . 

Example 10 

syn- 7 - [ 2 - ( 2 - amino thi azol -4-y 1 ) - 2 -me thoxy- 
20 iminoacetamido]-3-(2-aminooxazolo [4, 5-b]pyridinium-4- 
ylmethyl)-3-cephem-4-carboxylate. Yield 100% 
IR(KBr): 1772 cm" 1 p-lactam; 
1695 
1656 

25 UV (EtOH) \ max 205, 235, 315 e 22,746. 

NMR (DMSO-d 6 ): signals at 6 9.5 (d, 1H), 9.05 (d, 1H), 
8.1 (d, 1H), 7.33 (d, 1H), 7.1 (bs, 2H), 6.7 (s, 1H), 

5.6 (m, 1H), 5.0 (d, 1H), 3.8 (s, 3H). 
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Example 11 

syn-7- [2-(2-aminothiazol-4-yl )-2-methoxy- 
iminoacetamido ] -3- ( 2-methyloxazolo [4 , 5-c]pyridinium-5- 
5 ylmethyl)-3-cephem-4-carboxylate. Yield 74% 
IR(KBr): 1776 cm" 1 p-lactam; 
UV (EtOH) \ 203 e 41,500; 
M Theory 530; Found 530. 

NMR (DMSO-d 6 ): signals at 6 10.2 (s, 1H), 9.5 (m, 2H), 
10 8.5 (d, 1H), 5.6 (m, 1H), 5.0 (d, 1H), 3 ? 8 (s, 3H), 2.8 
(s, 3H). 

Example 12 

15 syn-7- [2-(2-aminothiazol-4-yi)-2-methoxyimino- 

acetamido] -3- ( thiazolo [4, 5-c]pyridinium-5-ylmethyl ) -3- 
cephem-4-carboxylate. Yield 95% 
IR(KBr): 1773 cm -1 p-lactam; 

NMR (DMSO-d 6 ): signals at 6 10.4 and 9.9 (d, 4H), 7.7 
20 (s, 1H), 6.1 (d, 1H), 3.8 (s, 3H). 

Example 13 

syn- 7- [2-(2-aminothiazol-4-yl )-2-methoxyimino- 
25 acetamido] -3- ( 2-methyl thiazolo [4 , 5-c ]pyridinium-5-yl- 
methyl)-3-cephem-4-carboxylate. Yield 48% 
IR(KBr): 1777 cm" 1 S-lactam; 
1674 
1623 

30 UV (EtOH) V 227, 260 e 21,975; 



0138552 



X-6050 -48- 



NMR. (DMSO-d 6 ): signals at 6 10-15 (s, 1H), 9.5 (d, 1H), 
9.25 (d, 1H), 8.75 (d, 1H), 5.6 (m, 1H), 5.0 (d, 1H), 
3.8 (s, 3H), 2.95 (s, 3H). 

5 Example 14 

syn- 7 - [ 2 - ( 2 - amino thi azol -4-yl ) -2-methoxyimino- 
acetamido]-3-(2-ethylthiazolo[4,5-c]pyridini\im-5-yl- 
methyl ) -3 -cephem-4-carboxyl ate . 
10 IR(KBr): 1772 cm" 1 0-lactam; 
UV (EtOH) \ max 230 8 46,500; 
M + Theory 559; Found 560. 

NMR (DMSO-d 6 ): signals at 6 10.15 (s, 1H), 9.35 (d, 1H), 
8.8 (d, 1H), 5.6 (m, 1H), 5.0 (d, 1H), 3.8 (s, 3H), 3.3 
15 (q, 2H), 1.4 (t, 3H). 

Example 15 

syn- 7- [2- ( 2-aminothiazol-4-yl ) - 2 -me thoxy imino - 
20 acetamido] -3- ( 2-aminothiazolo [5 , 4-b]pyridinium-4-yl- 
methyl)-3-cephem-4-carboxylate. Yield 100% 
UV (EtOH) \ max 250 c 25,633; 

Analysis calculated for C 20 H 18 N 8°5 S 3 

Theory: C, 43.95; H, 3.32; N, 20.50; S, 17.60. 
25 Found: C, 42.07; H, 3.80; N, 17.84; S, 15.71. 

NMR (DMSO-d 6 ): signals at 5 9.5 (d, 1H), 8.75 (m, 3H), 
8.1 (d, 1H), 7.73 (m, 1H), 5.6 (m, 1H), 5.0 (d, 1H), 3.8 
(s, 3H). 

Titration (66% dimethyl formamide in water v/v) pK a at 
30 4.0, 7.4, 10.7. 
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Example 16 

syn-7- [2- (2-aminothiazolo-4-yl) -2-methoxy imino- 
acetamido] -3- ( 2-methylthiazolo [ 5 , 4-c] pyr idinium-5-yl- 
5 methyl ) -3-cephem-4-carboxylate. 
UV (EtOH) A max 253 t 20,563; 
IR (KBr) 1774 cm" 1 (g-lactam) ; 
M + Theory 546; Found 546. 

10 The 3-bicyclicpyridinium methyl cephalosporins 

provided by this invention are useful as antibiotic sub- 
stances. The compounds have demonstrated excellent 
antibacterial activity against a wide variety of Gram + 
and Gram - bacilli. The compounds are particularly ef- 

15 fective against diseases caused by Steptococci, H. in- 
fluenza, E. coli, Klebsiella, Enterobacter, Salmonella, 
and Serratia. 

The antibacterial activity of several repre- 
sentative compounds of the invention has been evaluated 

20 in standard in vitro agar dilution assays. The follow- 
ing Table presents typical minimum inhibitory concentra- 
tions (MIC's) in pg/ml for exemplary compounds when 
evaluated against several Gram + and Gram - microorgan- 
isms. The activity of the known compound, ceftazidime, 

25 is given for comparison. 
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The excellent antibacterial activity of the 
compounds provided by this invention make them particu- 
larly attractive agents for the treatment of a number of 
diseases of bacterial origin. The treatment of animals 
5 suffering from bacterial diseases, or suspected of de- 
veloping a bacterial infection, is thus another embodi- 
ment of this invention. The antibacterial method of 
treatment provided by this invention is practiced by 
administering an antibacterial ly-ef fective amount of a 

10 3-bicyclicpyridinium methyl cephalosporin antibiotic as 
defined herein to an animal in need of treatment. The 
method can be practiced therapeutically or prophy- 
lactically. The amount of active antibiotic to be 
administered according to the method will vary depending 

15 upon the particular compound selected, the severity of 
the disease being treated or guarded against, the 
individual undergoing treatment, and related factors 
commonly encountered with such treatments. Normally, 
however, the compounds will be administered at a dose of 

20 about 0.5 to about 50 mg/kg of animal body weight, and 
more preferably at a rate of about 1 to about 10 mg/kg. 
Such amounts may be administered once each day, or more 
often as needed to treat the particular disease or 
subject undergoing treatment according to the present 

25 method. A typical daily dose for an average adult human 
will be about 200 to about 500 mg per day. 

The antibiotic compounds provided by this 
invention are especially active when administered by the 
parenteral route, but they can be formulated for any de- 

30 sired route of administration. Such formulations 
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constitute yet another embodiment of this invention. 
The formulations of this invention will comprise from 
about 0.1 to about 95 percent by weight of an active 
cephalosporin antibiotic of the invention (compounds of 
5 Formula (1) in which R is acyl), admixed with a pharma- 
ceutically-acceptable carrier, diluent or excipient 
therefor. Typical formulations may contain from about 
10 to about 60 percent by weight of active ingredient, 
and more preferably about 20 to about 50 percent. 

10 For convenient oral administration, the com- 

pounds can be admixed with any of a number of diluents, 
excipients and carriers commonly employed in oral 
formulations , and molded into tablets, pills, troches, 
or encapsulated into gelatin capsules. Typical car- 

15 riers, diluents and excipients commonly employed include 
potato starch, corn starch, sucrose, dextrose, micro- 
crystalline cellulose, dicalcium phosphate, alginic 
acid, acacia; lubricants such as magnesium stearate; 
binders such as gum tragacanth or gelatin; and flavoring 

20 agents such as peppermint oil, cherry or strawberry 
flavoring, or oil of wintergreen. The compounds also 
can be formulated as syrups or elixirs employing common 
diluents such as a fatty oil, methyl or propyl parabens, 
suitable dyes and flavoring agents. The compounds also 

25 can be formulated in the form of a buccal seal, lozenge 
or other suitable device for sustained controlled 
delivery of the active ingredient over a prolonged 
period. 

The antibiotics of the invention preferably 
30 are formulated for parenteral administration, for 
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example via the intravenous, intramuscular or sub- 
cutaneous routes, as well as the transdermal route. 
Such compositions normally will contain from about 0.1 
to about 20.0 percent by weight of active ingredient. 
5 Typical excipients, diluents and carriers for parenteral 
formulations include isotonic saline, dilute aqueous 
dextrose fe.g. 5%), the polyhydric aliphatic alcohols or 
mixtures thereof, for instance, glycerin, propylene 
glycol, or polyethylene glycol. Parenteral solutions 

10 also may contain preservatives such as phene thy 1 alcohol, 
methyl and propyl parabens, and thimerosal. If needed, 
about 0.05 to about 0.20 percent by weight of an anti- 
oxidant such as sodium metabisulfite or sodium bisulfite 
also can be employed. For intravenous use, preferred 

15 formulations will employ an initial concentration down 
to about 0.05 to about 0.25 mg/ml of active ingredient, 
and for intramuscular injection, a preferred concentr- 
ation of active ingredient is about 0.25 to about 0.50 
mg/ml . 

20 Examples of typical pharmaceutical formula- 

tions may include the following. 

Example i 7 

25 Formulation for Intravenous Use 

Ingredient Amount 

Compound of Example 2 1.0 g 

0.9% saline 100 ml 
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The intravenous solution can be prepared, for 
example, with a unit dosage formulation of the antibi- 
otic in a plastic bag or similar container, and by add- 
ing the diluent to the container prior to infusion. 



5 * ■ 

Example 18 

Formulation of Oral Suspension 

Ingredient * Amount 

10 Compound of Example 8 500 mg 

Sorbitol solution (70% N.F. ) 40 ml 

Sodium benzoate 150 mg 

Saccharin 10 mg 

Cherry flavor 50 mg 

15 Distilled water q s ad 100 ml 



The sorbitol solution is added to 40 ml of 
distilled water and the cephalosporin is suspended 
thereon. The saccharin, sodium benzoate, and flavoring 
20 are added and dissolved. The volume is adjusted to 

100 ml with distilled water. Each ml of syrup contains 
5 mg of the cephalosporin Antibiotic. This oral formu- 
lation is suited ideally for pediatric use. 

25 Example 19 



Preparation of 250 mg capsule 
Ingredient Amount 
Compound of Example 10 250 mg 
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Lactose 150 mg 

Corn starch iqq m g 

500 mg 

5 The ingredients are blended to uniformity and 

encapsulated into gelatin capsules. Such capsules may- 
be administered orally at the rate of about one each day 
for the treatment of upper respiratory bacterial infec- 
tions, including pharyngitis and tonsillitis. 

10 

Example 20 

Preparation of Parenteral Solution 

In a solution of 700 ml of propylene glycol 

15 and 200 ml of distilled water for injection is dissolved 
20.0 grams of the compound of Example 1, as the hydro- 
chloride salt. The pH of the solution is adjusted to 
5.5 with hydrochloric acid, and the volume is made up to 
1000 ml with distilled water. The formulation is 

20 sterilized, filled into 5.0 ml ampoules each containing 
2.0 ml (representing 40 mg of active ingredient) and 
sealed under nitrogen. 

The compounds of the invention additionally 
may be administered intrarectal ly, for example in a suit- 

25 ably formulated suppository. Pharmaceutically-accept- 
able suppository formulations can be prepared with the 
antibiotic compound and a suppository composition such 
as cocoa butter, hydrogenated fats, glycerides, or 
polyethylene glycols. 
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Pharmaceutical compositions of the invention 
also include unit dosage formulations. Such formula- 
tions comprise between about 200 mg. and about 10 g. of 
the antibiotic or a pharmaceutically-acceptable salt 
5 thereof in solid form in a sterile ampoule, vial or a 
plastic container such as a bag adapted for i.v. 
administration- The antibiotic may be amorphous or in 
the crystalline state. Such formulations may also 
contain a buffering agent, solubilizing agent, 

10 clarifying agent, stabilizing agent, or other excipient. 
An example of a pharmaceutical composition of this 
invention for i.v. use comprises 500 mg. of the dry 
powder of the antibiotic or a pharmaceutical^ accept- 
able salt thereof in a 10 ml. sterile rubber-stoppered 

15 ampoule. Another such composition comprises 4 g. of dry 
powder of the antibiotic in a 100 ml. sterile ampoule. 
A further composition comprises 10 g, of the antibiotic 
as a dry powder in a sealed, sterile plastic pouch. 
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CLAIMS 



10 



15 



1. A compound of Formula (1): 



™v/N / , 




in which R is hydrogen, formyl, or - amino adipoyl, pro- 
tected cr-aminoadipoyl, or an acyl group of the formula 

O 

R'-C-C- 

ti 
N 

^O-R 1 1 

in which R 1 is a 5- or 6-membered heterocyclic ring of 
the formulae 
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H V\ Hs W H2 V\ 

Li- lX i-L- 

5 HzN^ A 



20 



HsN- 




Li "u ~u h 



Hzt* 



R 1 1 is hydrogen, C^-C^ alkyl, a carboxy-substituted 
alkyl or carboxy-substituted cycloalkyl group of the 
15 formula: 

a 



-C-(CH 2 ) n -COR ! 1 1 
b 



in which n is 0-3; a and b when taken sepa- 
rately are, independently, hydrogen or C^-C 3 
alkyl, and when taken together with the carbon 
to which they are bonded form a C 3 -C ? car- 
25 bocyclic ring; R 1 1 1 is hydroxy, C 1 -C 4 alkoxy, 

amino, or OR°, in which R° is indanyl, 
phthalidyl, or an acyloxymethyl group of the 
formula -CH 2 -0-C(0)-R 2 in which R 2 is C^C^ 
alkyl or phenyl; or COOR° is a protected 
30 carboxy group; 

or R" is an N-substituted carbamoyl group of the 
formula 
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20 



25 



0 

-C-NHR ' ' ' » 



in which R' » " is C^c^ alkyl, phenyl or C,-C 
5 alkyl substituted by phenyl; 

y and m, independently, are integers equal to 
0, 1, 2 or 3, provided that y plus m equals 3; 

R is hydrogen, C^-C^ alkyl, phenyl, thienyl, 
amino or C^-c^ alkanoyl amino; 
10 X is O, S or N-R 2 , where R 2 is hydrogen or 

C!-c 4 alkyl; or a pharmaceutically-acceptable salt or 
biologically-cleavable ester thereof. 

2. A compound of Formula (l): 

L» (CH, » 

in which R is hydrogen, formyl, a-aminoadipoyl, pro- 
tected or-aminoadipoyl, or an acyl group of the formula 

0 
ii 

R'-C-C- 
ii 
N 

\ 

O-R' » 

in which R' is a 5- or 6-membered heterocyclic ring of 
30 the formulae 
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Li. iX U 



H2 \A. Ha V\ H2 V\ 

Li. lX Li. 

H 2 N xA HzN \ / 



10 





A. Yr M 



V V ' 



R 1 1 is hydrogen, c i~ c 4 alkyl, a carboxy-substituted 
alkyl or carboxy-substituted cycloalkyl group of the 
15 formula: 

a 

-C-(CH 2 ) n -COR f 1 1 
b 

20 

in which n is 0-3; a and b when taken sepa- 
rately are, independently, hydrogen or C^-C^ 
alkyl, and when taken together with the carbon 
to which they are bonded form a C 3 -C 7 car- 

25 bocyclic ring; R 1 1 1 is hydroxy, C ^-C 4 alkoxy, 

amino, or 0R°, in which R° is indanyl, 
phthalidyl, or an acyloxymethyl group of the 
formula -CH 2 -0-C(0)-R 2 in which R 2 is C^C^ 
alkyl or phenyl; or COOR° is a protected 

30 carboxy group; 

or R M is an N-substituted carbamoyl group of the 
formula 



0138552 



X-6050-(EPO ! ) -62- 



0 

-C-NHR' 1 1 1 

in which R 1 f 1 1 is C^-C^ alkyl, phenyl or 

5 alkyl substituted by phenyl; 

y and m, independently, are integers equal to 

0, 1, 2 or 3, provided that y plus m equals 3; 

R 1 is hydrogen, C^-C^ alkyl, phenyl, thienyl, 

amino or C--C A alkanoyl amino; 

2 2 

10 X is O, S or N-R , where R is hydrogen or 

Ci-C 4 alkyl; or a pharmaceutically-acceptable salt or 
biologically-cleavable ester thereof, provided that when 
R' is 



15 



20 and R' 1 is C 1 -C 4 alkyl, or if n=0, and a and b, inde- 
pendently, are hydrogen, methyl, ethyl or when a and b 
are taken together with the carbon to which they are 
attached form a C^-C^ carbocyclic ring; and y=l and m=2; 
and X=S, then R 1 may only be phenyl, thienyl or C^-C^ 

25 al kanoy 1 amino . 

3. A compound of Formula (1), or a pharma- 
ceutically-acceptable salt or ester thereof, as claimed 
in claim 1 or 2 in which R 1 is 2-amino-thiazol-4-yl . 

4. A compound of Formula (1), or a pharma- 
30 ceutically-acceptable salt or ester thereof, as claimed 

in claim 3 in which y is 1 and m is 2. 
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5. A compound of Formula (1), as claimed in 
any one of claims 1 to 4 in which X is N-R 2 or 0. 

6. A compound of Formula (1), as claimed in 
any one of claims 1 to 4 in which X is S. 

5 7 . syn-7- [2- ( 2-Aminothiazol-4-yl ) -2- (2 -car- 

boxyprop-2-yl )oxyiminoacetamido] -3- ( IH-imidazolo [4, 5-c] - 
pyridinium-5-ylmethyl ) -3-cephem-4-carboxylate 

syn -7- [2-(2-Aminothiazol-4-yl )-2-methoxyimino- 
acetamido ] -3- ( IH-imidazolo ]4 , 5-c ]pyridinium-5-ylmethyl ) - 
10 3 -cephem-4-carboxy 1 ate 

syn -7- [2-(2-Aminothiazol-4-yl )-2-methoxyimino- 
acetamido ] -3 - ( 3-methyl-3H-imidazolo [4 , 5-c ]pyridinium- 
5-ylmethyl ) -3-cephem-4-carboxylate 

syn -7- [2- ( 2-Aminothiazol-4-yl ) -2-methoxyimino- 
15 acetami do] -3- (1-H- imidazole [4, 5-c] pyridinium-5-y Imethyl) - 
3-cephem-4-carboxylate 

s^ii-7- [2-(2-Aminothiazol-4-yl )-2-methoxyiraino- 
acetamido]-3-(2-methyl-lH-imidazolo[4 / 5-c]pyridinium-5- 
ylmethyl ) -3-cephem-4-carboxylate 
20 S2n-7-[2-(2-Aminothiazol-4-yl)-2-methoxyimino- 
acetamido ] -3- ( 1 , 2- dimethyl -1H- imidazole [4 , 5-c ]pyridinium- 
5-ylmethyl ) -3-cephem-4-carboxylate 

syn - 7 - [ 2 - ( 2 -Amino thi azole-4-yl)-2 -me thoxy- 
iminoacetamido] -3- ( 2 , 3-dimethyl-3H-imidazolo [4 , 5-c] - 
25 pyridinium-5-y Imethyl )-3-cephem-4-carboxylate 

syn -7- [2- ( 2-Aminothiazol-4-yl ) -2-methoxy- 
iminoacetamido]-3-[2-(2-thienyl)-lH-imidazolo[4 / 5-c]- 
pyridinium-5-ylmethyl)-3-cephem-4-carboxylate 
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syn-7 - [ 2 - ( 2 -Amino thi azole-4-yl ) -2-methoxy- 
iminoacetamido]-3-(2-phenyl-lH-imidazolo[4, 5-b]-pyri- 
dinium-5-ylmethyl )-3-cephem-4-carboxylate 

syn-7- [2-(2-Aminothiazol-4-yl )-2-methoxy- 
5 iminoacetamido]-3-(2-aminooxazolo[4, 5-b]-pyridinium- 
• 4-ylmethyl)-3-cephem-4-carboxylate 

syn - 7 - [ 2 - ( 2 -Amino thi az o 1 -4 -y 1 ) -2 -methoxy- 
iminoacetamido] -3- ( 2-methyloxazolo [4 , 5-c] -pyridinium- 
5-ylmethyl)-3-cephem-4-carboxylate 
1 0 syn-7- [ 2 - ( 2-Aminothiazol -4-yl ) -2 -me thoxy- 

iminoacetamido] -3- ( 2-aminothiazolo [ 5 , 4-b ] -pyridinium- 
4-ylmethyl ) -3-cephem-4-carboxylate 

or a pharmaceutically-acceptable salt or biologically- 

cleavable ester thereof. 
15 8 • syn-7- [2- ( 2-Aminothiazol -4-yl )-2-methoxy- 

iminoacetamido] -3- ( thiazolo [4, 5-c] -pyridinium-5-yl- 

methyl )-3-cephem-4-carboxylate 

syn-7-[2-(2-Aminothiazol-4-yl)-2-methoxy- 

iminoacetamido]-3-(2-methylthiazolo[4, 5-c]pyridiniuro- 
20 5-ylmethyl )-3-cephem-4-carboxylate 

s^n-7- 1 2- (2-aminothiazolo-4-yl ) -2-methoxyimino- 

acetattido] -3- (2-methylt hi £zolo{ 5 ,4-c}pyr idin ium- 5-yl- 
methyl ) -3-cephem-4-carboxylate. 

syn-7-[2-(2-Aminothiazol-4-yl)-2-methoxy- 
25 iminoacetamido] -3- ( 2-ethyl thi azolo [4 , 5-c]pyridinium-5- 
ylroethyl)-3-cephem-4-carboxylate or a pharmaceutically- 
acceptable salt or biologically-cleavable ester thereof. 

9. A process for preparing a cephalosporin 
derivative of Formula (1) or a pharmaceutically-acceptable 
salt or biologically-cleavable ester thereof, as claimed 
in any one of claims 1 to 8, which comprises: 

(a) condensing a compound of Formula (2): 
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CO2R3 



H2-L (2) 



in which L is a leaving group, R 3 is hydrogen 
or a carboxy-protecting -group , and R is as 
defined in claim 1 or 2; with a bicyclicpyri- 
10 dine compound of the Formula: 

,(CH)y\A. 

\-R 1 



15 




(Ctf)m X 




and if desired, removing any protecting group 
which may be present, and/or salifying or 
esterifying the product. 
20 (b) acylating a compound of Formula (1) in 

which R is hydrogen, or a salt or 4 '-ester 
thereof, with an acid of the Formula: 
R'-C-COOH 

25 N-OR 1 1 

or an activated derivative thereof, and if 
desired, removing any protecting group present 
and/or salifying or esterifying the product. 
30 (c) deacylating a compound of Formula (1) in 

which R is other than hydrogen, or a salt or 
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ester thereof to form a compound in which R is 
hydrogen, or a salt or ester thereof. 

10. A compound of Formula (1), or a pharma- 
ceutically-acceptable salt or biologically-cleavable 

5 ester thereof, as claimed in any one of claims 1 to 8 
for use as an antibiotic. 

11. A pharmaceutical formulation which com- 
prises as an active ingredient, a compound of Formula 
(1), in which R is an acyl group, or a pharmaceutically- 

10 acceptable salt or biologically-cleavable ester thereof, 
as claimed in any one of claims 1 to- 8, associated with 
one or more pharmaceutically-acceptable carriers, 
excipients or diluents therefor. 



X-6050-(P» ) 
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-£»- 

AUSTRIA 



5 



CLAIMS 

1. A process for preparing a compound of 
Formula (1): 



R-*JH > 



s. / \ ,( CH ) 



9 > C % 



10 

in which R is hydrogen, formyl, or- amino adipoyl , pro- 
tected cr-aminoadipoyl, or an acyl group of the formula 

0 

15 " 

R'-C-C- 

N 

in which R 1 is a 5- or 6-membered heterocyclic ring of 
20 the formulae 
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HsN— • • 

Ha \A, "Vs Ha V\ 4 i 

YS H5 V% H ^A A- 



H2h 



1 



2 \A. Ha \ A_ A 

I L < S , or HsN-iv ji ; 

10 \/- \/ k V 



R lf is hydrogen, C x -C 4 alkyl, a carboxy-substituted 
alkyl or carboxy-substituted cycloalkyl group of the 
15 formula: 

a 

-C-(CH 2 ) -COR» ■ 1 
f n 

b 

20 

in which n is 0-3; a and b when taken sepa- 
rately are, independently, hydrogen or C^Cg 
alkyl, and when taken together with the carbon 
to which they are bonded form a C 3 -C ? car- 

25 bocyclic ring; R 1 1 f is hydroxy, C^-C^ alkoxy, 

amino, or OR°, in which R° is indanyl, 
phthalidyl, or an acyloxymethyl group of the 
formula -CH 2 -0-C(0)-R 2 in which R 2 is C 1 -C 4 
alkyl or phenyl; or COOR° is a protected 

30 carboxy group; 

or R" is an N-substituted carbamoyl group of the 
formula 
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0 

-C-NHR 1 1 1 1 

in which R' 1 1 1 is C^-C 4 alkyl, phenyl or ^-Cg 
5 alkyl substituted by phenyl; 

y and m, independently, are integers equal to 
0, 1, 2 or 3, provided that y plus m equals 3; 

R 1 is hydrogen, C 1 -C 4 alkyl, phenyl, thienyl, 

amino or C--C A alkanoyl amino; 

2 2 . 

10 X is O, S or N-R , where R is hydrogen or 

Cx-C 4 alkyl; or a pharmaceutical ly-acceptable salt or 
biologically-cleavable ester thereof, which comprises 
(a) condensing a compound of Formula (2): 

...... /\ 



R— NH- 

Hz-L (2) 



7\h 



20 



25 /CH-yy 



in which L is a leaving group, R^ is hydrogen 
or a carboxy-protecting group, and R is as 
defined in claim 1 or 2; with a bicyclicpyri- 
dine compound of the Formula: 

r rr - ■ »■ 



\CH>. ' 



30 



and if desired, removing any protecting group 
which may be present, and/or saiifying or 
esterifying the product. 
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(b) acylating a compound of Formula (1) in 

which R is hydrogen, or a salt or 4 '-ester 

thereof, with an acid of the Formula: 

R'-C-COOH 
5 ti 

N-OR" 

or an activated derivative thereof, and if 
desired, removing any protecting group present 
10 and/or salifying or esterifying the product. 

(c) deacylating a compound of Formula (1) in 
which R is other than hydrogen, or a salt or 
ester thereof to form a compound in which R is 
hydrogen, or a salt or ester thereof. 

15 2. A process for preparing a compound of 

Formula (1): 



20 




in which R is hydrogen, forrayl, a-aminoadipoyl, pro- 

25 tected a-aminoadipoyl, or an acyl group of the formula 

O 
ii 

R'-C-C- 

ii 
N 

30 O-R' V 

i?i which R 1 is a 5- or 6-membered heterocyclic ring of 
the formulae 
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HzN. S 
V \ 



Ha 



Li ■ L 



La 



HzH^ ,0, 



N 



II i 



J—L 



"V, 

L-l 



A 



r r. 



10 



Hg.M ^< 



V 



i. r 
v 



1 V' : 



or HeN- 



R ,f is hydrogen, C^-C^ alkyl, a carboxy- substituted 
alkyl or carboxy- substituted cycloalkyl group of the 
15 formula: 

a 

-C-(CH 2 ) -COR 1 1 1 
b 

20 

in which n is 0-3; a and b when taken sepa- 
rately are, independently, hydrogen or C^C^ 
alkyl, and when taken together with the carbon 
to which they are bonded form a C 3 -C ? car- 

25 bocyclic ring; R 1 1 1 is hydroxy, C^-C^ alkoxy, 

amino, or OR°, in which R° is indanyl, 
phthalidyl, or an acyloxymethyl group of the 
formula -CH 2 -0-C(0)-R 2 in which R 2 is C 1 -C 4 
alkyl or phenyl; or COOR° is a protected 

30 carboxy group; 

or R M is an N-substituted carbamoyl group of the 
formula 



X-6050-(P' ) 
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O 

-C-NHR ' ' • ' 

in which R 1 • " is C 1 -C 4 alkyl, phenyl or C^-Cg 
5 alkyl substituted by phenyl; 

y and m, independently, are integers equal to 
0, 1, 2 or 3, provided that y plus m equals 3; 

R 1 is hydrogen, C^-C^ alkyl, phenyl, thienyl, 
amino or C^-C^ al kanoyl amino; 
10 X is 0, S or N-R 2 , where R 2 is hydrogen or 

Ci -C4 alkyl; or a pharmaceutically-acceptable salt or 
biologically-cleavable ester thereof, provided that when 
R' is 

N • 

15 ii ii 

Hal/ \g/ 



20 and R f 1 is C x -C 4 alkyl, or if n=0, and a and b, inde- 
pendently, are hydrogen, methyl, ethyl or when a and b 
are taken together with the carbon to which they are 
attached form a C 3 ~C 5 carbocyclic ring; and y=l and m=2; 
and X=S, then R 1 may only be phenyl, thienyl or C^-C^ 

25 alkanoyl amino, said process comprising 

(a) condensing a compound of Formula (2): 



A. 



30 
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in which L is a leaving group, R 3 is hydrogen 
or a carboxy-protecting group, and R is as 
defined in claim 1 or 2; with a bicyclicpyri- 
dine compound of the Formula: 

5 




10 

and if desired, removing any protecting group 
which may be present, and/or salifying or 
esterifying the product. 

(b) acylating a compound of Formula (1) in 
15 which R is hydrogen, or a salt or 4 1 -ester 

thereof, with an acid of the Formula: 

R'-C-COOH 
ii 

N-OR f 1 

20 

or an activated derivative thereof, and if 
desired, removing any protecting group present 
and/or salifying or esterifying the product. 

(c) deacylating a compound of Formula (1) in 
25 which R is other than hydrogen, or a salt or 

ester thereof to form a compound in which R is 

hydrogen, or a salt or ester thereof. 

3, A process for preparing a compound of 

Formula (1), or a pharmaceutically-acceptable salt or 
30 ester thereof, as claimed in claim 1 or 2 in which R 1 is 

2-amino-thiazol-4-yl . 



X-6050-(P' ) 
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4. A process for preparing a compound of 
Formula (1), or a pharmaceutically-acceptable salt or 
ester thereof, as claimed in claim 3 in which y is 1 and 
m is 2. 

5 5. A process for preparing a compound of 

Formula (1), as claimed in any one of claims 1 to 4 in 
which X is N-R 2 or 0. 

6. A process for preparing a compound of 
Formula (1), as claimed in any one of claims 1 to 4 in 

10 which X is S. 

7. A process as claimed in any one of claims 1 
to 6 for preparing 

syn-7- [ 2 - ( 2 -Aminothiazol-4-y 1 ) -2 - ( 2 -car- 
boxyprop-2-yl )oxyiminoacetamido] -3- ( lH-imidazolo [4 , 5-c ] - 
15 pyridinium-5-ylmethyl )-3-cephem-4-carboxylate 

syn-7- [2- ( 2-Aminothiazol-4-yl ) -2-methoxyimino- 
acetamido]-3-(lH-imidazolo]4 / 5-c]pyridinium-5-ylmethyl)- 
3-cephem-4-carboxylate 

syn-7- [2- (2-Aminothiazol-4-yl ) -2-methoxyimino- 
20 acetamido]-3-(3-methyl-3H-imidazolo[4,5-c]pyridinixim- 
5-ylmethyl )-3-cephem-4-carboxylate 

s^n-7- [2-(2-Aminothiazol-4-yl )-2-methoxyimino- 
acetamido ] -3- ( 1-H-imidazolo [4 , 5-c]pyridinium-5-ylmethyl ) - 
3-cephem-4-carboxylate 
25 syn-7- [2-(2-Aminothiazol-4-yl )-2-methoxyimino- 

acetamido]-3-(2-methyl-lH-imidazolo[4, 5-c]pyridinium-5- 
ylmethyl )-3-cephem-4-carboxylate 

syn-7-[2-(2-Aminothiazol-4-yl)-2-methoxyimino- 
acetamido] -3- ( 1 , 2-dimethyl-lH-imidazolo [4 , 5-c ] pyr idinium- 
30 5-ylmethyl )-3-cephem-4-carboxylate 
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syn -7- [2-(2-Aminothiazole-4-yl )-2-methoxy- 
iminoacetamido ] -3- ( 2 , 3-dimethyl-3H-imidazolo [4 , 5-c ] - 
pyridinium-5-ylmethyl )-3-cephem-4-carboxylate 

syn-7- [2- ( 2-Aminothiazol-4-yl )-2-methoxy- 
5 iminoacetainido]-3-t2-(2-thienyl)-lH-imidazolo[4 / 5-c]- 
pyridinium-5-ylmethyl )-3-cephem-4-carboxylate 

syn-7- [2-(2-Aminothiazole-4-yl)-2-methoxy- 
iminoacetamido] -3- ( 2-phenyl-lH-imidazolo [4, 5-b]-pyri- 
dinium-5-ylmethyl )-3-cephem-4-carboxylate 
10 syn-7- [2-(2-Aminothiazol-4-yl)-2-methoxy- 

iminoacetamido ] -3- ( 2-aroinooxazolo [4 , 5-b ] -pyridinium- 
4-ylmethyl )-3-cephem-4-carboxylate 

syn -7- [2- ( 2-Aminothiazol-4-yl ) -2-methoxy- 
iminoacetamido] -3- ( 2-methyloxazolo [4 , 5-c] -pyridinium- 
15 5-ylmethyl )-3-cephem-4-carboxylate or 

syn -7- [2-(2-AminotJiiazol-4-yl )-2-methoxy- 
iminoacetamido ] -3- ( 2-aminothi azolo [ 5 , 4-b] -pyridinium- 

4- ylmethyl )-3-cephem-4-carboxylate 

or a pharmaceutical ly-accep table salt or biologically- 
20 cleavable ester thereof. 

8. A process as claimed in any one of claims 1 
to 6 for preparing 

syn - 7 - [ 2 - ( 2 -Amino thi azol-4-yl )-2 -me thoxy- 
iminoacetamido ] -3- ( thi azolo [4 , 5-c ] -pyridinium-5-yl- 
25 methyl )-3-cephem-4-carboxyl ate 

syn -7-[2-(2-Aminothiazol-4-yl)-2-methoxy- 
iminoacetamido]-3-(2-methylthiazolo[4, 5-c]pyridinium- 

5- ylmethyl )-3-cephem~4-carboxylate or 

syn -7- (2- ( 2-air t inothiazolo-4-yl ) -2-Tnethoxyimi no- 
30 acetaT ido) -3- ( 2-me thyl thiazolo [5 , 4-c] pyr idiniurc-S-yl- 
methyl ) -3-cephe;r-4- car boxy late. . . 

syn-7-[2-(2-Aminothiazol-4-yl)-2-methoxy- 
iminoacetamido]-3-(2-ethylthiazolo[4, 5-c]pyridinium-5- 
ylmethyl)-3-cephem-4-carboxylate or a pharroaceuticaily- 
acceptable salt or biologically-cleavable ester thereof. 
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9. A compound of Formula (1), or a bio- 
logically-cleavable ester or pharmaceutically-acceptable 
salt thereof, whenever prepared according to a process 
as claimed in any one of claims 1 to 8. 
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10 
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00 
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vys. 



• 0 



R-NH 



'-V- c "-\U,L/ " 

1 N /ru\ * 
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h 2 « J v i 



coo e 



R' ' is hydrogen, C,-C 4 alkyl, a carboxy-substituted alkyl or 
carboxy-substituted cycloalkyl group of the formula: 



in which R is hydrogen, formyl, a-aminoadipoyl, protected 
or-aminoadipoyl, or an acyl group of the formula 

O 

II 

R'-C-C- 

II 

N 

O-R" 

in which R' is a 5- or 6-membered heterocyclic ring of the 
formulae 

H *"-i-i 



Li 



2 W*S M 



-C-(CH 2 ) n -C0R' ' ' 
b 

in which n is 0-3; a and b when taken separately are. 
independently, hydrogen or C, -C 3 alkyl, and when taken 
together with the carbon to which they are bonded form 
a C3-C 7 carbocyclic ring; R" * is hydroxy, C 1 -C 4 alkoxy, 
amino, or OR°, in which R c is indanyl, phthalidyl, or an 
acyloxymethyl group of the formula -CH a -0-C(0)-R 7 
in which R 2 is C,-C 4 alkyl or phenyl; or COOR° is a 
protected carboxy group; 

•/■■• 
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or R' ' is an N-substhuted carbamoyl group of the formula 



O 

-C-NHR 

in which R' ' " is d-C 4 alkyl, phenyl or d-C^ alky! 
substituted by phenyl; 

y and m, independently. 8re integers equal to 0, 1, 2 or 3. 
provided that y plus m equals 3; 

R 1 is hydrogen, Ci-C* alkyl, phenyl, thienyi, amino or 
Ci~C 4 alkanoylamino; 

X is O, S or N-R ? r where R 2 is hydrogen or C, -C 4 alkyl; or 
a pharmaceutically-acceptable salt or biologically-cleavable 
ester thereof. 
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